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Army helicopters.

This investigation resulted in a proposed set of design, test, and
acceptance criteria applicable to transparent inclosures for all rotary-
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In general, an attempt was made analytically to establisn optimum
criteria to weet all the objectives except for visual reflections,
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result would be reduced light transmission and abrasion resistance,
especially for plastic substrates. Obviously, some adjustments are
needed to address the requirements of visual and radar reflectivity,
static discharge, and heat transfer.

It is stressed that these design, test, and acceptance criteria were
developed as a result of field investigations and analysis of currently
available data and are not the result of any empirical effort. Caution
must be exercised in accepting any of the values, classifications, or
proposed testing procedures. These criteria should be judged solely on
the basis of the data presented in this report; no other assumptions
should be made. Further effort is planned to verify these criteria
empirically.

A parallel investigation has been conducted by the Goodyear Aerospace
Corporation and will be reported separately.

This report has been reviewed by the Directorate and is considered to be
technically sound.

The technical monitors for this contract were Major Andrew E. Gilewicz
and Mr. Thomas E. Condon of the Military Operations Technology Division
of this Directorate.



Task 1F162205A11904
Contract DAAJ02-72-C-0073
USAAMRDL Technical Report 73-65

September 1973

DEVELOPMENT OF DESIGN, TEST, AND ACCEPTANCE CRITERIA FOR
ARMY HELICOPTER TRANSPARENT ENCLOSURES

Final Report

by

Leonard M. Cook
Glenn E. Freeman
Rudy L. Malobicky

C. Robert Lang

Prepared by

PPG Industries, Inc., Aircraft and Specialty Products
Creighton, Pennsylvania
Huntsville, Alabama

for

EUSTIS DIRECTORATE
U. S. ARMY AIR MOBILITY RESEARCH AND DEVELOPMENT LABORATORY
FORT EUSTIS, VIRGINIA

Approved for public release;
distribution unlimited.

1e./



ABSTRACT

Because of the U. S. Army's growing concern for the high frequency of trans-
parency replacement, a program to improve the overall reliability and
maintainability of helicopter transparencies by appropriate develnpment of
design, test, and acceptance criteria was conducted.

A survey of representative users indicated that the most serious problem

in the replacement of windshields, which are the most critical transparen-
cies, was scratches caused by wiper operation on plastic surfaces. Another
serious problem, experienced by laminated windshields, was related to the
all-weather capability, with reasons for replacement being delamination and
heating failures. These failures occurred on all laminated windshield
designs. The primary reason for replacement of nonwindshield transparencies
was breakage, since reduced quality is more tolerable with these than it is
with windshields.

Analysis of all available specifications for windshields indicated that
wiper abrasion resistance is seldom specified whereas heating requirements
are always addressed. Military specifications for windshields and some
other parts are lacking, and actual qualification tests for finished pro-
ducts are incomplete, The developed specification attempts to correct this
inadequacy by proposing a complete document that is applicable for all
transparencies on current and near-future rotary-wing aircraft. Bird
impact tests of current and some potential windshield designs indicate that
present glass-laminates and 1/4-inch stretched acrylic do not have a strike
resistance beyond 100 mph, whereas the use of polycarbonate achieves a
resistance at a speed of at least 200 mph.
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INTRODUCTION

As a result of recent conflic s, the rotary-wing aircraft has achieved a
definite status in Army Aviat:.on. Since numbers of such aircraft have
steadily increased, their uti.ization lLas also grown at a rapid rate.
Consequently, problems of relatively insignificant monetary value for a
single ocrurrence become very important if they prevail across the fleet.
Since transparent structures are an example of such a case with apparent
high frequency of replacement, this study was instituted by the Eustis
Directorate of the United States Army Air Mobility Research and Development
Laboratory. The primary objective of this study was to improve the overall
reliability and maintainability of helicopter transparencies by appropriate
development of design, test,and acceptance criteria. The approach consisted
of: 1. conduct a survey to determine the problem areas and the inadequacy
of appropriate documents such as specifications and manuals; 2. develop a
complete and comprehensive specification that is applicable to all trans-
parencies of current and near-future rotary-wing aricraft.

In the preliminary part of this study, both objective and subjective data
was collected from helicopter manufaccurers and military organizations. The
objective data consisted of design drawings, specifications, aircraft pro-~
files, tests and results, tailure inode and rate information on the basis of
replacements, spares or repairs, and preventive maintenance procedures,
Subjective data relative to installation problems, service complaints,
failure modes, and operational environment were collected by personal inter-
views of experienced pilots and reliability, maintenance, and engineering
personnel, To achieve continuity and expand the scope of this subjective
data acquisition a questionnaire was utilized.

All available specifications obtained from the helicopter manufacturers and
military organizations were reviewed and analyzed. These applicable mili-
tary, industrial, and federal documents defining the requirements and speci-
fications of helicopter transparencies are presented in condensed form in
Appendix I.

Comments and effects of the operational environment on helicopter transpar-
encies are presented and discussed in Appendix II. Indications of the
performance of transparencies based on failure modes, replacement rates, and
interviews are tabulated in Appendix III, Analysis of military and commer-
cial documents addressing transparency maintenance is presented in Appendix
IV. Comments from the questionnaires are included to demonstrate actual
service conditions.

Results of 4-1b bird impact tests of current and other potential trans-
parency constructions are presented in Appendix V.

ROTARY-WING AIRCRAFT

Based on discussions with Armv personnel, the following current aircraft
constitute the backbone of the near-future fleet:



CH-47 Chinook

CH-54 Tarhe {Crane)
UH-1 Iroquois (Huey)
AH-1G Cobra

OH-58 Kiowa

OH-6 Cayuse

TH-55 Osage

All seven of the helicopters fall within the five main rotary-wing classi-
fications of cargo, utility, attack, observation, or trainer.

Trainer

Recent trends have de-emphasized the use of a rotary-wing aircraft as a
primsry trainer, since actual training is quite often dependent on the type
of helicopters and the degree of subsystems sophistication. Also, informa-
tion on the TH-55 obtained in the preliminary study was rather sparse.
Therefore, this group shall not receive any consideration in the proposed
specification. Any needs that do occur should be met by utilizing the ob-
servation category.

Observation

Helicopters or rotary-wing aircraft within this class are utilized in
missions of visual observation, target acquisition, armed reconnaissance,
and command and control. They also have some degree of load capacity and
training as necessary.

Attack

Rotary-wing aircrafi within this classification is considered a complete
weapons system with the primary function of combat missions.

Utility

As the above term implies, the mission requirements of helicopters in this
class tend to overlap into attack and cargo. Utility aircraft can function
as cargo, transport of heavy equipment, personnel transport, and tactical
utility missions.

Cargo

Adrcraft within this class function as troop transport, heavy cargo, and
combat missions. The CH-47 is the only current aircraft within the Army
fleet with all-weather capability. The CH-~54 with heavy cargo capacity does
not have the all-weather capability.

TRANSPARENCIES

For the purpose of this study, transparent structures in rotary-wing air-
craft shall be grouped into windshield-type transparencies directly in front




of the pilot, and lower, upper, aud side cockpit enclosures and cabin
windows. All such transparencies have the general requirement of interior
environment, which is defined as letting the light in to create a livable
condition. Along with this, all transparent structures must permit some
degree of vision without extreme distortion that could distract an indi-
vidual's mission or creeste physical or mental anguish,

Normally, transparent structures in rotary-wing aircraft, at least up to the
present, are not load-bearing members of the aircraft structure. Hence, any
loading the: transparencies experience is caused by operation, environment,
man, or installation. Since engineers and designers have a realistic under-
standing of such loads, they are usually appropriately considered, but man
remains the most unpredictable factor.

Beyond the above-listed general functions, the transparency directly in
front of each pilot (main windshield) has the special functional requirement
as detailed by FAR-27 and 29 (Appendix I): "Each pilot shall have a safe
and undistrrted view along the flight path during day and night operation
without glare or reflections. Sufficient view must be maintained during ex-
posure to the elements and the actual material must be of the safety type'".
This federal standard lists a certification as applicable for anti-ice and
defog systems. The federal standards for fixed-wing aircrafts FAR-23 and 25
(Appendix I) have additional requirements for structural quality, fail
safety and bird proofing, as applicable. Inclusion of all such requirements
certainly enhances the inherent capability of the most important transparent
member and requires complete and detailed specifications. The secondary
windshield is usually considered as a transparency within the realm and re-
peated use of each pilot, but not directly in front of each pilot.

TRANSPARENCY EXISTENCE PER AIRCRAFT MISSION

Table 1 shows the general existence of transparency of a particular type per
given mission.

TABLE 1. TRANSPARENCY EXISTENCE
Aircraft Mission
Cargo Utility Attack Observation

Transparency

Main Windshield Yes Yes Yes Yes
Secondary Windshield Yes No Yes No
Lower Window Yes Yes No Yes
Side Window Yes Yes No Yes
Upper Window Yes Yes No Yes
Cabin Window Yes Yes No Yes

In general, the mission requirements of cargo and utility aircraft are quite
similar, and the transpar¢ncies show much agreement except for a secondary



windshield. However, it appears very likely that a utility-type aircraft
could be expanded to include a secondary windshield in the future. For the
purpose of this study, we will combine cargo and utility into one group.

The auxiliary transparencies in the attack aircraft do not directly fit into
any classification within the cockpit enclosure. Since the major portion of
the transparency acts like 1 canopy, we shall consider these panels to be
secondary windshields.

Thus, for the purpose of this study, Table 2 defines the rotary-wing air-
craft transparencies.

TABLE 2, TRANSPARENCY CLASSIFICATION

Type Functional Description

I Main windshield directly in front of each pilot

II Secondary or intermediate windshield not directly in

front of pilot

I1I Lower cockpit enclosure (nose bubble)

Iv Side cockpit enclosure (side, door windows)

\' Upper cockpit enclosure (eyebrow, roof windows)

VI Cabin transparent enclosure (cabin, cargo door windows)

DESIGN OBJECTIVES

The parameters considered in this study are the following:

Anti-ice/Defog Methods
Rain Removal Methods
Optical Quality
Fracture Resistance
Abrasion Resistance
Reliability

Thermal Shock Resistance
Fail-Safe Construction
Crashworthiness

10. Ballistic Resistance

11. Bird Strike Resistance
12. Vibration Resistance

13. Weight

14. 1Interchangeability

15. Installation and Removal Techniques
16. Ease of Maintenance

17. Visual Reflection

18. Environmental
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19, Chemical Resistance

20, Lightning Strike Resistance
21. Fire Resistance

22. Static Discharge

23. Reduced Radar Reflectivity
24. Heat Transfer

25. Life Cycle Cost

Items 12, 14, 18 and 20 are additional considerations added to the basic
list as detailed in the contract.

PROBLEM AREAS

The results of the preliminary study (Appendixes I through IV) indicated
the following problem areas.

1.

10.

11.

Anti-Ice/Defog - Although some actual heating failures were
reported, the majority of the problems related to this system
were associated with delamination.

Rain Removal - Some vague reports as to the functioning of
hot air systems and repeated complaints of restricted wiper
use because wip:zrs in conjunction with any grit easily
scratched the plastic surfaces.

Optical Quality - Considered to be acceptable as received,
but rework of scratches produced inferior optics.

Fracture Resistance - Some degree of breakage or cracking
was reported for all transparencies.

Abrasion Resistance - Acrylic or polyester plastic wind-
shields consistently showed abrasion from wipers and/or faulty
maintenance. The failure of the plastic panels to resist
scratching was the primary difficulty reported.

Reliability - This consideration as related to the useful
service life was a continuing problem, since some trans-
parencies, especially windshields, experienced rather low
operating life ratings.

Fail Safe Construction - Cases of implosions or actual falling
out of transparencies were reported.

Ballistic Resistance -~ The failure of all parts exposed to
combat was apparent, with many replacements necessary because
of ballistic damage.

Bird Strike Resistance - Some isolated cases of bird strike



failures were reported. No cases of loss of the aircraft caused
by bird strike are known,

14. Interchangeability - Not addressed on the majority of the air-
craft, causing installation procedures to be more difficult than
necessary.

15. Installation and Removal Techniques - In addition to installation
problems as related to the transparency design, the glazing
materials utilized leaked during operation and at times were very
difficult to remove.

16. Maintenance - Corrective techniques such as repairs were well
utilized, but actual preventive measures were not adequately
documented by applicable procedures.

17. Visual Reflection - Repeated complaints by pilots of glare experi-
enced in night flight were reported. The actual signaling effect
has always prevailed as a problem.

14. Environmental - Repeatea cases of crazing were apparent,

24, Heat Transfer - The "greenhouse" effect repeatedly cited cases
where doors were removed to cool down the enclosures.

With these problem areas under consideration, the parameters described
earlier were rated as being of primary, secondary, or third order impor-
tance as shown by Table 3. This priority list was used as a guide in
developing the specification. The requirements for each design objective
were detailed and subsequently optimized relative to the effect on the
other objectives. Intended applicability of the requirements as to partic-
ular transparencies and their associated tests were prepared. To enhance
the consideration of bird strike resistance, fundamental tests were con-
ducted to ascertain velocity limitations of current and future rotary-wing
aircraft designs. The results of these tests are presented in Appendix V.



TABLE 3. RELATIVE IMPORTANCE OF DESIGN
REQUIREMENTS PER HELICOPTER CLASS
Design Class I Class II Class III
Requirement Cargo-Utility Attack Observation

Anti-Ice/Defog

Rain Removal

Optical Quality
Structural Integrity
Abrasion Resistance
Reliability

Thermal Shock Resistance

Fail-Safe Construction
Crashworthiness
Ballistic Resistance
Bird Strike Resistance
Vibration Resistance
Weight
Interchangeability
Installation/Removal
Maintenance

Visual Reflections
Environmental

Chemical Resistance
"ightning Strike

Fire Resistance

Static Discharge

Radar seflectivity
Heat Transfer
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SPECIFICATION FOR TRANSPARENCIES ON ROTARY-WING AIRCRAFT

The following lists tke five general sections and their associated require-
ments for any transparencies on rotary-wing aircraft.

Page
1.0 SCORE TR 1 Il . e S R, T O T SO SO S S o0 O s [ R 10

N
o

APPLICABLE DOCUMENTS . . . . & & & 4 o ¢ ¢« « ¢ t o o o o & 11

w
(=]

PERFORMANCE REQUIREMENTS . . . . . ¢ v ¢« v v v+ o o « o & 12

ANTI-ICE/DEFOG '+ « « v & v o o & o o o o o o « o « o o v W 12
RAIN REMOVAL . . & ¢ v o+ 4+ ¢ o o o o o o s o « o o o o o o 13
OPTICAL QUALITY . &+ « ¢ v o o ¢ o o o o o s o o o o « o o 14
Distortion . . . . . & ¢ ¢ ¢ 4 v b et e e e e e e e e . 14
Minor Optical Defects . . « « v &« v v ¢ v 4 v ¢ ¢ v 0 v o W 15
Light Transmission . . . . . ¢ ¢« ¢ ¢ v v vt v ¢« v 0 v v 15
H A Z e e I e e T e T e e e T e e s Tl ol - 15
STRUCTURAL INTEGRITY . .. . . . . . 0 b lo o lofiollo © o kK 15
ABRASION RESISTANCE . . . . & ¢ ¢ ¢ ¢ o o o o o o o o o o s 16
RELTABILITY . o ¢ o o 0 o0 o oo o 5 o 5 o o o o & o o o & o o 16
THERMAL SHCOK RESISTANCE . . . . ¢ ¢ ¢ ¢ o« ¢ ¢ & o « & o 17
FATIL-SAFE CONSTRUCTION . . . & ¢ o ¢ o « o« ¢ o o« o « o & 17
CRASHWORTHINESS . . . & & ¢« ¢ 4 ¢ ¢ o o o o s s o o o o« & 18
BALLISTIC RESISTANCE . . 4 ¢ 4 « « o o o ¢ o o s o s o o » 18
Genergl . . . . . . . s e e e b s s s 4 e s s a e s e s 18
Special As Required Transparent Armor (Non-optimized) . . . 18
BIRD STRIKE RESISTANCE . . . . ¢ ¢ ¢ ¢ ¢ o o « s ¢ o « & o 18
VIBRATION RESISTANCE . . . . & & & ¢ o o o o s o s o o « 19
LRilest sl g o BB BB o A0 B0 0ol ok o oo ¢ 19
INTERCBANGEABILITY . . . . v ¢ ¢ ¢ « ¢ o o o « « o o « s & 19
INSTALLATION AND REMOVAL . . . . . ¢ 4+ ¢« « & s & o o s & 19
MAINTENANCE g yo 0 0D0OOGOO g ogoso o000 03do0.C 20
VISUAL REFLECTIONS . . . & v v & & o ¢ o o & « s o o o o 20
ENVIRONMENTAL . . . & & + « o o o « o o o s o o o o & o o 4 20
CHEMICAL RESISTANCE . . . . « v ¢ ¢ ¢ ¢ ¢ o « o o o o o o & 21
LIGHTNING STRIKE RESISTANCE . . . . . ¢« ¢« & ¢ ¢« ¢« « « o« o 21
FIRE RESISTANCE . . . . v ¢ 4 ¢ o o o o o o o s 1 o o o« a 21
STATIC DISCHARGE . . . . . v + v ¢ v o o o o o o o o o o » 21
RADAR REFLECTIVITY . . . & & v 4 ¢ ¢ o o o « o o o o o o » 22
HEAT TRANSFER . . . . & v v o v o o s o o s o o o o o o + 22

H W=

.

* e s o » o o o »
. .
N -

NN N NN 2 et b et bt fd pod o et b e 2 WO 0O SN AN B LW WWWN

S WLWNHFHFOWVWOBNYNONTVMBWLWNEHOOO

WWWWWLWWLWWLWWWLLLLWLWLLWLWLWLLWVWWLWWLWWWLWWLWWLWWWWW

0~
[

QUALIFICATION TESTS . . . . « ¢« v ¢ ¢ « ¢ o o o o « & o 4 23

ANTI-ICE/DEFOG ANALYSIS . . . &« ¢ ¢ ¢ o ¢ ¢ o o o o o o » & 23
ANTI-ICE CYCLIC TEST . . . + « &+ « ¢ o o« o o o o « & o o 23
THERMAL SHOCK . . . . ¢ ¢ ¢ ¢ ¢ ¢ o o o o ¢ o o o s o o0 o 24
LIFE CYCLE TEST . . . « ¢ ¢ ¢ ¢ & o o + o o o s o o s o o 26

Ll P -
W



=== O 0NN

Eo BRI O R R
e e o e o o
wN=O

w
o

. .
AL W N

WM

o o »
e o e
NN

o o e o ®
W N =

-
.

o~V W=

RN NNRNNNDND
« o .

PLUANUNUUNMUNUUNUNESEERE,WWWWWR
. 3 Y 3 3 . . S

vuommumumuunmunuumununnununuonnubtnuunuuuunnu, oo e
. e o e o o . s s s e . . e » ® s+ s e @

STRUCTURAL INTEGRITY . . . &« & v ¢ « « o &
ABRASION RESISTANCE . . . . « & ¢ « & & &
FAIL-SAFE CONSTRUCTION . . « &+ &« ¢ « + o &
CRASHWORTHINESS . . . . . « . ¢« ¢ « ¢ « &
BALLISTICS . . « ¢« . v ¢ ¢ ¢ ¢ & & o o o
ENVIRONMENTAL . . . . . ¢ ¢ ¢ ¢ & « & « &
CHEMICAL RESISTANCE . . . . . . « « « « &
BIRD STRIKE RESISTANCE . . . . . . . « . .
FLIGHT EVALUATION . . . . . . . .« . . « .

ACCEPTANCE TESTS . . . ¢« v ¢« ¢ ¢ « o « + &

ANTI-ICE/DEFOG ELECTRICAL CHARACTERISTICS

Bus to Bus Resistance . . ¢« ¢« ¢ ¢ &+ « » & =

Insulation Resistance . . . . . « « + + &
Temperature Sensing Element . . . . . .

High Gradient Hot Spots . . . .« « + + .+ .

Heated Area . . . . . . 5™ ™™ o0 o 0,005 o
Heating Uniformity . . . . . . . 5 00 0 C
THERMAL SHOCK . . . ¢ & v v ¢ ¢ ¢ o ¢ o
OPTICAL QUALITY . . v ¢ ¢« ¢« &+ o o o o o &

Distortion . . . . ¢ v ¢ ¢« ¢ 4 e 4 bt e e e

Optical Defects . . . . . « ¢« ¢« ¢ & « « &
Light Transmission . . . . . . b olld 0
1EE0 o IS o o PRl o 0 0 o0 o oAl
STRUCTURAL INTEGRITY . . & + & & & ¢ o o @
Thermal Temper . . . ¢« . « « ¢ « « & & &

Surface Toughness . . . . . . . . . .
Adhesion . . . . « + . v vt 4t b e e e e e s
INTERCHANGEABILITY . . . . &+ ¢ ¢ & o o s &
Thickness | = W 0 5 B % % e sl s ksl
YR 5 0D ol kb b b o lo old ol
Hole Size . . . . . . . . 5 oo o ol ofl o o

Edge Contour . . « . ¢« « s + ¢ o« ¢ o o« &

Surface Contour . . . « v ¢ « & & « ¢ « o @

Hole Aldignment . . . . . + ¢ « « & o s & &
Sdze . . . . o v 00w 5 o, o o blo g
Imspection . . . . . . ., ¢ ¢ ¢ v ¢ o s e
VISUAL REFLECTION . . . . . . . 3 omol G
RADAR REFLECTIVITY . . . . . « . « « . .
SAMPLING PROGRAM ., . . . . . « « &+ « «

38
38
38
39
39
40
40
41
41
41
42
43
43
44
44
44
44
45
45
45
45
45
46
46
46
46
46
46
47



1.0 SCOPE

This specification establishes the performance requiremente, design, and
qualification and acceptance test criteria for transparent enclosures used
on rotary-wing aircraft. It shall be utilized, as applicable, for formed or
flat, laminated or monolothic transparencies such as windshields, lower
(nose bubbles), upper (roof, eyebrow), side, and other cockpit windows and
cabin windows. To use this specification, the aircraft shall be designated
as to a particular class on the basis of aircraft mission and the trans-
parency designated as to a particular type on the basis of transparency
function.

Rotary-Wing Aircraft Missions

Class 1 Cargo-Utility
Class 11 Attack
Class II1 Observation

Transparency Functions

Type I Main windshield directly in front of each pilot

Type II Secondary or intermediate windshield not directly
in front of pilot

Type III Lower cockpit enclosure (nose bubble)

Type IV Side cockpit enclosure (side door windows)

Type V Upper cockpit enclosure (eyebrow, roof windows)

Type VI Cabin transparent enclosure (cabin, cargo door
windows)

10



2.0

2.1

2.2

SPECIFICATIONS

MIL-I-8500C

MI1L-P-833310

MIL-P-25690A

MIL~G-25667A
MIL-P-8184B

MIL-C-25769E

MIL-T-5842A

STANDARDS

MIL-STD-810B
MIL-E-5272C

Federal Test Method
Standard 151A

Federal Test Method
Standard 406

Federal Test Method
Standard 6053

LP 406

APPLICABLE DOCUMENTS

Interchangeability and Replaceability of
Component Paris for Aerospace Vehicles

Polycarbonate

Plastic, Sheets and Parts, Modified Acrylic
Base Monolithic, Crack Propagation Resistant

Glaes, Monolithic, Aircraft Glazing
Plastic Sheet, Acrylic, Modified

Cleaning Compound, Aircraft Surface,
Alkaline Waterbase

Transparent Areas, Anti-Icing, Defrosting and
Defogging Systems

Environmental Test Methods
Environmental Testing, Aeronautical and
Associated Equipment

Metal Test Methods

Plastics: Methods of Testing

11



3.0

3.1

3.1.1

3.1.2

3.1.3

3.1.4

3.1.5

3.1.6

3.1.6.1

PERFORMANCE REQUIREMENTS

The windshield system, which includes the main windshield (Type I)
directly in front of each pilot and any secondary or intermediate
windshield (Type II), forms part of the cockpit enclosure that must
suitably house and protect the crew from the elements. The primary
function of the windshield is to provide clear, unobstructed visi-
bility for the forward field of view. Because of the all-weather
mission requirements, Class I and II windshields must have a clear
field of view at all times.

ANTI-IC./DEFOG

Each transparency shall have the capability to maintain clear, un-
obstructed vision for all normal flight profiles under adverse
environmental conditions. This requirement is applicable to all
transparent areas essential to the mission of the aircraft in
accordance with the following applicability list.

Applicable per 3.1 Nonapplicable
Class I Type I, II Type III, IV, V, VI
Class II Type 1 Type II
Class III Type I Type I1I, III, IV, V, VI

The anti-ice heating system shall be capable of uniformly dissi-
pating at least 3.5 watts per square inch or as specified by
MIL-T-5842A.

Heating shall be accomplished by means of a transparent electric-
ally conductive film or resistive element buried within the trans-
parency or as specified by MIL-T-5842A.

Defogging shall be accomplished by maintaining the interior surface
of the transparency above the enclosure dew point temperature.

Heat required for defogging shall be accomplished by means of
electrically conductive film or equivalent or controlled hot air,
as specified by MIL-T-5842A,

Electrical characteristics.

Bus bars of minimum width and capable of carrying the required
current shall be applied to the area as per applicable drawings
and securely bonded to the substrate. Unless otherwise specified,
the width of bus bars shall be 5/16 in. and they shall be so



positioned to afford maximum visibility. The coating or resistive
element shall make permanent and uniform contact with the bus bars.

3.1.6.2 All solder joints shall be secure and constructed in accordance
with high-grade workmanship and aircraft practice. The voltage
drop when measured from free end power braid to far end of bus bar
shall not be greater than 2.0 volts.

3.1.6.3 All internal wiring shall be capable of carrying required current
load and shall be sufficiently flexible to withstand expansion and
contraction between solder joints due to temperature extremes and
vibration.

3.1.6.4 1Insulation resistance between all electrical conductors not inten-
tionally connected shall be 100 megaohms or greater with no evi-
dence of arcing when subjected to 2200 volts rms.

3.1.6.5 Power to the heating film shall be controlled by a temperature
sensing element (TSE). The TSE shall have temperature/resistance
properties as specified on applicable drawings. Two elements, an
operating and a spare, shall be positioned .020 to .040 in., from
the conductive film depending on the type of element.

3.1.6.6 The bus to bus resistance of the heating film shall be as specified
on the applicable drawings. The tolerance of the heating fi{lm
resistance or equivalent shall be ¥ 15%. Load balance between
phases of three-phase heating elements shall be ¥ 10% of the aver-
age of all three phases.

3.1.6.7 The conductive coating or resistive element shall be appliec in
such a manner that uniform heat dissipation is obtained over the
entire anti-iced area with a temperature uniformity of * 10°F based
on the control temperature. The heating system shall be free of
high-gradient hot spots and cold areas.

3.1.6.8 The heating film or resistive element and all electrical connec-
tions shall be permanently sealed to :-vent moisture penetration.

3.2 RAIN REMOVAL

3.2.1 Each transparency shall have a rain-removal system that maintains
a sufficient cleared portion affording each pilot clear, unob-
structed vision along the flight path, Clearing shall be available
at design cruise velocity and be designed for all rain intensities
up to "heavy rain" or the equivalent of 0.6 in. per hour.!
Intended applicability:

ly. J. Humpherys, PHYSICS OF AIR, New York, Dover Publicatioms, Inc.,
1964, p. 280.
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3.2.2

3.2.3

3.2.4

3.3
3.3.1

3'3.1.1

3.3.1.2

3.3.1.3

3.3.1.4

Applicable per 3.2 Nonapplicable

Class 1 Type I Type II, III, IV, V, VI
Class II Type I Type II
Class III Type I Type II, III, IV, V, VI

No single malfunction in the removal system shall simultaneously
result in a loss of this capability on each transparency.

This clearing system shall consist of appropriately designed wipers
or equivalent.

Each transparency with wipers shall have a windshield washer system

OPTICAL QUALITY

Distortion

Each transparency comprising the cockpit enclosure shall demon-
strate acceptable optics with no abrupt bending or objectionable
blurring of the image viewed through the primary vision area of
the transparency.

Each transparency forming the cockpit enclosure shall be divided
into optical grades depending on the crew use relative to each
pilot's eye position. Transparencies of Types II, III, and IV
within the primary field of vision of each pilot shall have as a
minimum a grid line slope of 1 in 8. The critical zone of each
Type I main windshield shall have as a minimum a grid line slope
of 1 in 12, Transparencies of Types III, IV, and V not in the
primary vision area of each pilot shall have as a minimum a grid
line slope of 1 in 4., The actual distortion quality respectively
graded as A, B, and C shall have the following applicability:

GRADE A GRADE B GRADE C

(1 in 12) (1 in 8) (1 in 4)
Class I Type I  Type I, II, III, IV Type II1I, IV, V, VI
Class II Type I  Type I, II None
Class IIT1 Type I  Type I, II, III, IV Type III, IV, V, VI

Each transparency shall have an optical free vision area con-
sisting of a 2-in. peripheral border and 1-in.,-wide band associ-
ated with heating system isolation lines or as specified by
applicable drawings.

Use of the heating system shall produce no degradation of the
prescribed optics requirements.,

14



3.3.2

3.3‘3

3.3.4

3.4

3.4‘1

3'“'1.1

3.4.1.2

3.4.2

3.4.2.1

3.4.2.2

Minor Optical vefects - All Classes, All Types

Minor optical defects within the vision area or daylight opening of
each transparency shall not form an objectionable pattern and shall
cause no visual distraction to the pilot.

Light Transmission

Each transparency shall have a minimum 21ight transmission of 702
that shall be maintained throughout the useful life of the trans-
parency. Intended applicability:

Applicable per 3.3.3 Nonapplicable
Class I Type 1, II, III, IV Type V, VI
Class II Type I, II None
Class III Type I, II, I1., IV Type V, VI

Haze

Each transparency shall have an original maximum haze of 4X that
shall be maintained throughout the useful life of the transparency.
Intended applicability:

Appiicable per 3.3.4 Nonapplicable
Class I Type I, II, III, IV, V Type VI
Class II Type I, II None
Class III Type I, II, III, IV, V Type VI

STRUCTURAL INTEGRITY

General - All Classes, All Types

Each transparency shall be so designed and consist of sufficient
strength to sustain normal operating or limit loads without detri-
mental effect or permanent deformation.

At any load up to limit loads, the experienced deformation shall
not interfere with safe operation.

Each transparency shall be capable of supporting ultimate loads
without any detrimental effects.

Unless otherwise specified, ultimate loads shall be two times
the normal operating loads for each transparency.

In addition, ultimate loads for each Type V transﬁarency shall be
200 pounds distributed over an area of 1 square foot.

15



3.4.2.3 1Intended applicability:

Applicable Per

3.4.2.1 3.4,2.2
Class I Type I, II, III, IV, V, VI Type V
Class II Type I, II None
Class III Type I, II, III, IV, V, VI Type V
3.5 ABRASION RESISTANCE
3.5.1 Each transparency surface shall be sufficient abrasion resistant

to scratching, pitting, or marring encountered during aircraft
operation, maintenance, and handling.

3.5.2 The outboard surface of each transparency shall be highly abrasion
resistant to scratching, pitting, or marring encountered during
wiper operation, maintenance, and handling.

3.5.3 Intended applicability:

Applicable Per

3.5.1 3.5.2
Class I Type 1II, IV, V, VI Type I, II
Class II Type II Type 1
Class III1 Type 1I, III, IV, V, VI Type 1
3.6 RELIABILITY - All Classes, All Types

3.6.1 Each transparency shall satisfactorily function according to design
without failure or malfunction. The following definitions are
applicable.

3.6.1.1 Shelf life is defined as the time expended between date of shipment
by manufacturer and actual installation of spare part or delivery
of aircraft. Shelf life shall be two years.

3.6.1.2 Useful life is defined as the actual time in years that the trans-
parency has been installed.

3.6.1.3 Operating life is defined as the actual time in hours that the
aircraft has operated with the transparency installed.

3.6.2 Warranty in Terms of Useful and Operating Life
Useful Life Operating Life

(Years) (Hours)

Class I Type I, II 3 3,000
Type I1I, IV, V 10 10,000

Type VI 15 15,000
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3.6.3

3.7

3.7.1

3.7.2

3.7.3

3.8

3.8.1

3.8.2

Useful Life Operating Life

(Years) (Hours)

Class II Type I 3 3,000
Type 11 5 5,000

Class III Type I, 1II 5 5,000
Type III, IV, V 10 10,000

Type VI 15 15,000

Structural Adhesion

No loss of adhesion between the associated structural members,
other adhered surface layers, or edging shall develop and be of
such extent to impair the normal function of the transparency.

THERMAL SHOCK RESISTANCE

Each transparency shall be capatle of withstanding any rapid
changes in temperature within the range from -65°F to +160°F with-
out any detrimental effects

Each transparency with an electrical conductive heating system or
equivalent shall be capable of satisfactory performance without
deterioration when the heating system is energized to raise the
temperature of the heating media from -659F to +110°F.

Intended applicability:

Applicable Per

3.7.1 3.7.2
Class I Type III, IV, V, VI Type I, II
Class II Type II Type I
Class III Type II, III, IV, V, VI Type 1

FAIL-SAFE CONSTRUCTION

Each transparency shall be capable of withstanding the normal oper-
ating loads after a primary structural member has failed. In event
of such failure, residual vision must be available to each pilot.

Intended applicability:

Applicable per 3.8 ‘ionapplicable
Class I Type I, II Type III, IV, V, VI
Class II Type 1 Type II
Class III Type I Type 11, III, IV, V, VI
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3.9

3.9.1

3.9.2

3.10

3.10.1

3.10.2

3.10.2.1

3.10.2.2

3.10.2.3

3.11

3.11.1

3.11.2

CRASHWORTHINESS - All Classes, All Types

Each transparency shall be so designed and of sufficient strength
to satisfactorily withstand any rapid external load that can be
experienced when the helicopter performs an emergency hard landing.

Each transparency shall be flexible enough io deflect, when im-

pacted, absorbing energy; and subsequent failure, if such occurs
shall not result in any sharp particles that would be injurious

to the crew.

BALLISTIC RESISTANCE

General - All Classes, All Types

Each transparency, as required, shall provide sufficient residual
visibility for each pilot to perform an emergency flight and land-
ing after sustaining damage from a .30 caliber impact. No spall,
injurious to the crew, shall be ejected from the inboard surface.

Special as Required Transparent Armor (Non-optimized)

Each transparency shall provide Vg protection ballistic limit
against small-arms projectiles up to a caliber of .30 APM2 or as
otherwvise specified.

The actual projectile impacts shall not cause any spall to be
ejected from the inboard surface, and each transparency shall
maintain sufficient visibility for each pilot to compelte his
mission.

Intended applicability:
Applicable Per 3.10.2 Nonapplicable
Class I Type I, II, III Type IV, V, VI
Class I1 Type I, 1I None
Class III Type I, II, III Type IV, V, VI

BIRD STRIKE RESISTANCE

Each transparency shall be so designed and constructed to prevent
penetratior by an impacting 4-1b bird when the velocity of the
aircraft relative to the bird along the flight path equals the
naximum sea level cruise velocity.

Secondary projectiles such as rear-face spall shall either be
completely contained by the transparency or be of sufficiently
low residual kinetic energy to be noninjurious to aircrew
personnel. Intended applicability:
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3.12

3.13

3.13.1

3.13.2

3.14

3.15

3.15.1

3.15.2

Applicable per 3.11 Nonapplicable

Class I Type I, II Type III, IV, V, VI
Class II Type I, II None
Class III Type I, II Type III, IV, V, VI

VIBRATION RESISTANCE - All Classes, All Types

Each transparency shall satisfactorily withstand vibrations
encountered in heliconter operation and flight without any
cracking, delamination, or any other deterioration.

WEIGHT

The ieight of each transparency shall be a minimum consistent
with this specification.

Calculated on the basis of aerial density, conventional trans-
parencies and any special desigrs shall not exceed the following
limits:

Aerial Densit lbs/sq ft
Conventional Per 3.11 Per 3.10.2
Class I Type I, II 2.6 3.6 10.0
Type III 1.8 - 10.0
Type IV, V 1.8 - -
Type VI 1.2 - -
Class II Type I, II 2.6 3.6 10.0
Class IIT Type I, II 2.6 3.6 10.0
Type III, 1.8 = 10.0
Type IV, V 1.8 - =
Type VI 1.2 - -

INTERCHANGEABILITY - All Classes, All Types

Each transparency shall have complete interchangeability as to
size, contour, drilled holes and not require any further fabri-
cation during installation as per the requirements of MIL-I-850Q

INSTALLATION AND REMOVAL - All Classes, All Types

Each transparency shall be attached to the aircraft frame by
means of durable fastenmers through oversized holes predrilled in
the edge attachment or edge reinforcement of the transparency.

Actual fastening and subsequent torquing to 15-20 inch-pounds

shall not cause any adverse installation stresses that exceed
one-fifth of the nominal strength.
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3.15.3

3.16

3.16.1

3.16.2

3.16.3

3.17
3.17.1

3.17.1.1

3.17.2

3.17.2.1

3.17.2.2

3.18

3.18.1

Each transparency shall be mounted with a closed cell silicone
gasket or equivalent that shall effectively seal the enclosure
against water penetration but shall be easily removed in case
of part removal.

MAINTENANCE ~ All Classes, All Types

Each transparency shall be capable of functioning with a minimum
amount of special maintenance techniques.

The best cleaning method for each transparency {in particular,
windshields) shall be directed and officially documented with
appropriate manual before the part can be put in service.

As applicable, repair techniques that extend the operating life
of each transparency shall be outlined with actual documents
presenting the procedures, necessary materials, etc.

VISUAL REFLECTIONS

General - All Classes, All Types

Each transparency of combined structural members, as applicable,
shall maintain consistency of the index of refraction with * 5%
for all interfacing materials.

Special

The interior surface of each transparency shall have a total
light reflection in the visible range of not more than 1X.

A lov-reflective film or equivalent shall be applied with maxi-~
num effeciency at the specified wave length and angle of inci-
dence.

Applicable Per 3.17.2 Nonapplicable
Class 1 Type I Type I, I1I, III, IV, V, VI
Class II Type I Type II
Class III Type I Type I, 11, III, IV, V, VI

1..IVIRONMENTAL - All Classes, All Types

Each transparency shall be functional and maintain satisfactory
performance when subjected to all possible envirommental condi-
tions. No deleterious effects shall be exhibited by each in-
stalled transparency subjected to worldwide extremes in climate,
weather, natural exposure, and fungus.
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3.18.2 Each transparency shall satisfactorily withstand exposures to
the following operational conditions:

Ambient temperatures from -65°F to +160°F

a.
b. Sunshine
c. Excessively heavy rain
d. Blowing snow and impinging ice crystals
e. 100% relative humidity
f. Flowing sand
g. Salt spray
h. Sulfur dioxide atmosphere
i. Fungus
3.19 CHEMICAL RESISTANCE - All Classes, All Types

Each transparency shall exhibit no evidence of crazing, cracking,
or other chemical degradation when exposed to high atmospheric
concentrations or actual contact of solvents or solutions nor-
mally used in conjunction with aircraft.

Jet fuel, JP~4 and JP-5

Isopropyl alcohol

Etheylene glycol

Lubrication oils

Grease

Hydraulic fluids

Airplane wash MIL-C-25769E

Bug removal fluid P-6009

Windshield cleaner MIL~C-18767A, Type I

.

. . .

He T'CQ FfA O AN TR

3.20 LIGHTNING STRIKE RESISTANCE

Each transparency shall have a metallic type edging or retainer
to dissipate a charge from lightning. Intended applicability:

Applicable Per 3.20 Nonapplicable
Class I Type I, II Type III, IV, V, VI
Class II Type I, II None
Class III Type I, II Type 1II, IV, V, VI
3.21 FIRE RESISTANCE ~ All Classes, All Types

Each transparency shall consist of materials that are self-
extinguishing, nonflammable, or burn at a maximum rate that does
not exceed 2.5 inches per minute.

3 522 STATIC DISCHARGE

The surface resistivity of the outboard structural member of
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each transparency shall not exceed 108 ohms per square. In-
tended applicability:

Applicable Per 3.22 Nonapplicable
Class I Type I, II Type II, III, IV, V, VI
Class II Type 1 Type II
Class III Type I Type 1I, III, IV, V, VI
3.23 KADAR REFLECTIVITY

Each transparency shall have a low resistance, transparent,
metallic or metal oxide, radar reflective film of 15 ohms per
square, maximum, buried within the transparency. Intended

applicability:
Applicable Per 3.23 Nonapplicable
Class I Type I, II Type III, IV, V, VI
Class II Type I, II None
Class III Type I, II Type III, IV, V, VI
3.24 HEAT TRANSFER

Each Type V transparency of the cockpit enclosure or as otherwise
required shall retard heating of the cockpit enclosure by
reducing the actual amount of transmitted solar energy. Intended

appiicability:

Applicable Per 3.24 Nonapplicable
Class I Type I, II, V Type III, IV, VI
Class 1I Type I, I1 None
Class III Type I, V Type II, III, IV, VI
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4.0

4.1

6.2

4.2.1

QUALIFICATION TESTS

Qualification tests will be conducted on full-size panels or
approved representative samples of equivalent design to sub-
stantiate the satisfactory performance of the transparency and
demonstrate the conformance relative to the requirements of this
specification. Once a transparency or a transparency set of
duplicate panels symmetrical with respect to the aircraft center-
line has successfully achieved the level of performance as de-
tailed by the Qualification tests, the requirements of section
4.0 are considered to be accomplished for all production parts of
similar design. The following qualification tests shall be con-
ducted for each transparency as required per the applicability of
the specific requirements #3 detailed in section 3.0. All full-
size qualification panels, must conform to the design requiremeunts
of this specification but representative samples need not conform
to the optics requirements. To be considered acceptable, quali-
fication tests conducted, as required, shall cause no detrimental
effects, and after completion of the qualification tests, the
transparency must continue to conform to the Acceptance Test of
5.0.

In some cases, qualification per requirement may be successfully
accomplished by analytical means as applicable or by similarity.
However, actual address io this particular approach must occur in
the specific test requirement to be valid.

ANTI-ICE/DEFOG ANALYSIS

The anti-icing requirement as specified by 3.1.1 shall be sub-
stantiated by analysis and laboratory tests. A complete thermal
analysis per conditions of MIL-T-5842A shall be completed to show
that the required amount of heat is conducted to the outer surface
and tgat the outer surface temperature is maintained at a minimum
of 35"F. This analysis shall consider heat flow into the cockpit
so adequate de-fogging is also maintained.

ANTI-ICE/CYCLIC TEST

Criteria

Cyclic laboratory tests shall be conducted on each full size
transparency, to substantiate satisfactory performance of the
transparency's heating system without any deterioration when
exposed to repeated heating at 0°F.
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4.2.2

4.3

4.3.1

4.3.1.1

Temperature (°F)

The transparency shall be operated with design operating voltage
while exposed to the foilowing environmental conditions. The
transparency shall be placed in an envirommental chamber main-
tained at -25°F. Operating voltage shall be applied through a
suitable electrical controller with the windshield temperature
sensing element connected to the controller. The windshield shall
be allowed to cycle at design operating temperature for a period
of 10 minutes. Power shall then be turned off and the windshield
a%lowed to cool down. When the transparency temperature reaches
0°F, power shall sgain be applied. One cy:le shall be as defined
per Figure 1, and 1000 complete cycles shall be completed.

~ On
o l
2
A Offt— — — — — — —
l' 10 Min
110
>
g
o
-
o
[=)
[/}
=
o
-
2
0 - P
e——— One Cycle ——0!
=25 Ambient Temperature
Time — ——»

Figure 1. Cyclic Test.

THERMAL SHOCK

Criteria

Each transparency shall satisfactorily withstand the thermal
shock cycle test as defined per MIL-STD-810B, Method 503. A
total of ten cycles shall be conducted for qualification. Where
applicable, transparencies constructed of materizls of well-
known properties and application shall be qualified by similarity
and analysis.
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4.3.1.2

4.3.2

4.3.3

In place of the test requirements as defined by 4.3.1.1, elec-
trically heated transparencies as required by 3.1.1 shall be
thermally shock tested utilizing the heating system.

Test

The transparency mounted in a suitable frame to simulate instal-
1gtion shall be placed in a test chamber maintained at 160°F %
5°F. The transparency shall be exposed to this temperature for a
per.vd of at least 4 hours., The part shall then be removed from
the heated chamber and within a maximum of 5 minutes be trans-
ferred to a cold chamber maintained at -65°F + 5°F. The trans-
parency shall be exposed to th:s temperature for a minimum of 4
hours. This constitutes one complete cycle. A total number of
10 cycles shall be completed for 2ach transparency without any
interruption in the test sequence.

Electrically Heated Transparency Test

The transparency mounted in a suitable frame to simulat. instal-
lation shall be placed in a cold chamber having an environmental
air temperature of -65°F + 5°F and allowed to soak for 2 hours.
The transparency shall then be energized with nominal operating
voltage until design operating temperature is indicated by the
temperature sensing element. The voltage is then shut off and
the transparency allowed to cool to ambient temperature. A cycle
shall be as defined by Figure 2, and a total of 50 such cycles
shall be completed.

— — Time to Raise Temperature of
Transparency to Operating
On
N
o
3
0
~ e I | ! I
| —One Cycle——m
[ [ | |
[ | | |
-65°F | | Ambient Temp. | i
r 2 Hours__..:
|
0

Timg ——

Figure 2. Thermal Shock Test for
Electrically Heated Transparencies.
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4.4

4.4.1

4.4.1.1

4.4.1‘2

4.4.1.3

4.4.2

LIFE CYCLE TEST

Criteria

Each transparency as defined by 3.1.1 shall be subjected to the
combined loading effects of pressure differential, thermal
gradients, and vibration.

Sufficient instrumentation shall be incorporated to determine
maximum stress levels,

Each transparency submitted for this test shall have previously
completed all required environmental tests as defined by 4.10.

Test

The transparency shall be mounted to a test fixture that simulates
installation. Vibration shall be as defined in Procedure I,

Curve B, Method 514 of MIL-STD-810B or as otherwise specified.
Test cycle shall be as per Figure 3, and a minimum of 50 complete
cycles shall be accomplished.
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4.5
4.5.1

4.5.1.1

4.5.1.2

4.51.3

4.5.2

4.5.3

STRUCTURAL INTEGRITY

Pressure Test Criteria

Each transparency shall satisfactorily withstand a differential
pregsure loading of Pp at temperatures of 0° F, 75 F and 130°F
+ 5°F for a period of 30 minutes.

At the maximum pressure load P, the maximum allowable deflection
of the transparency shall not exceed the average thickness of the
part and the stress as determined by strain gages shall not ex-
ceed one-half the normal working stress of the material. During
the sustained maximum loading Pp, changes in deflections and
stresses shall not exceed 107 of the original values.

The design pressure, Pp, based on current investigations, shall
be 2.0 psi for forward-facing transparencies or 1.0 psi as per
the following applicability list., 1In some cases, qualification
of the lower design pressure requirements can be acheived by
analytical analysis and similarity.

Design Pressure

1.0 psi 2.0 psi
Class 1 Type III, IV, V, VI Type I, 1I
Class II N/A Type I, 1I
Class III Type III, IV, V, VI Type I, 1I

Concentrated Load Test Criteria

In addition to the requirement as defined by 4.5.1 each trans-
parency as required by 3.4.2.2 shall satisfactorily sustain a
concentrated load of ?0) pounds distributed gver an area of 1
squaze foot for a perioc of 10 minutes at 75 °F £ 5°, Where
possible, analysis and similarity can be utilized.

Pregsure Test

The transparency shall be mounted and firmly attached by normal
installation techniques to a fixture that simulates the aircraft
frame. The fixture shall be so designec that both positive and
negative differential pressure of Pp relative to the atmosphere
can be imposed on the transparency. For each test at 2 psi,
transducers or dial gages shall be mounted at the transparency
center and other locations where major deflections are antici-
pated. Strain gages shall be installed at critical locations
based on analysis or previous tests.

28



4.5.4

4.6

4.6.1

4.6.1.1

4.6.1.2

4.6.1.3

4,6.2

After referencing all indicating devices, the transparency shall
be subjected to a negative differential pressure by creating a
vacuum in the fixture chamber of Pp. Measurements shall be taken
as a minimum at the beginning, middle, and end of each pressur~
ized hold period. After a hold of 30 minutes, the pressure
differential will be reversed by creating a pressure load of Pp

in the chamber. This condition will be maintained for 30 minutes,
after which the complete cycle will be repeated. Two complete
cycles will be conducted for each temperature. Measurements
during the second cycle shall be within * 10% of the first at any

temperature. Upon completion of the test at all temperatures, the
transparency shall be inspected for structural quality.

Concentrated Load Test

The transparency with strain gages attached at critical locations
shall be supported by an appropriate wooden frame that simulates
the aircraft structure. A dead weight load of 200 pounds con-
tacting 1 square foot of the transparency shall be applied at the
most critical location for 10 minutes. Stresses as calculated
from strain gage measurements shall not exceed the normal working
stress.

ABRASION RESISTANCE

Criteria

The exposed outboard surface of each transparency (and inboard as
applicable) shall be capable of attaining an acceptable abrasion
resistance limit when subjected to the Taber abrasion test. All
materials shall as a minimum show an abrasion resistance equiva-
lent to acrylic MIL-P-8184,

Each transparency with a highly abrasive resistance requirement
as per 3.2 shall demonstrate superior performance equivalent to
glass, when subjected to the Taber abrasion test.

Each Type I transparency as required by 3.2 shall show no evidence
of surface damage when subjected to the wiper test as proposed
by U. S. Army Mechanics Materials Research Center.

Abrasion Test

An abrasion test per Federal Test Method Standard 406, Method
1092 shall be conducted for each transparent material to deter-
mine the material's relative resistance to abrasion. The samples
as tested need not be representative of the transparency design,
but such samples must be subjected to all fabrication processes
that could affect the surface of the material, Similarity and
analysis can be utilized whenever possible.
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4.6.3.

4.7
4.7.1

4.7.1.1

4.7.1.2

6.7.2

4.7'2.1

Wiper Test

A wiper test as proposed by AMMRC shall be conducted for trans-
parency as required by 4.6.1.3 Similarity can be utilized when-
ever possible. For actual tests, three flat 12 in. x 12 in.
samples representative of the transparency shall, each in turn,
be rigidly supported by a periphery frame. A moderate flow of
tap water with dispersed abrasive consisting of AC Spark Plug
Cleaner, 200-400 grit or equivalent, shall run continuously over
the surface of the sample. A 7-in. hycar rubber blade attached
to a Marquette motor through an appropriate gearbox applying to

a pressure of .2 to .3 pound per inch shall sweep the wet surface
of the sample at a rate of 50 to 150 strokes per minute, Two
complete sweeps shall be considered one cycle, and a total of
4000 cycles is required for each sample. The test can be inter-
rupted at 1000 cycle intervals for inspection if necessary. At
the conclusion of the tests, all samples shall exhibit a perform-
ance comparable with glass, and no marks, scratches or other
damage that would interfere with the vision capability of the
transparency.

FAIL-SAFF._CONSTRUCTION

Criteria

Each transparency as required per 3.8 shall be capable of with-
standing the normal operating loads after the primary structural
member has failed.

The remaining structural member of the transparency shall support
a load of at least 1 psi for 15 minutes.

Test

The transparency shall be mounted to the test fixture using the
same procedures followed for the production helicopter. Mounting
gaskets and torquing procedures shall be established, or if they
are already in existence, shall be used for this test. The test
shall be conducted at ambient conditions with the inside and
outside air temperature at 75°F & 5°, and the heating system
shall be energized with design power. Trgnspagencies without
anti-ice capability shall be tested at 90 % 5F. The power
shall be applied until the temperature sensing element first
turns off the power, after which the windshield shall be allowed
to cycle on and off for 30 minutes. At this point, the full
operating load of 1 psi shall be applied to the windshield. This
may be either an external or internal pressurization, depending
on the performance envelope for the helicopter. After the load
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4.7.2.2

4.8
a‘s'l

4.8.1.1

4.8.1.2

4.8.1.3

4.8.2

has stabilized, the primary structural member shall be fractured.
Limited visibility through the transparency shall exist, and the
load on the transpiarency shall be sustained for 15 minutes.

In cases where it is not possibl: to fracture the primary struc-
tural member during pressurization, the member shall be broken
prior to pressurization. The imposed load shall be 257 greater
than 4.7.2.1, If the anti-ice system is also rendered inoperable
when the primary structural member is fractured prior to the test,
the ambient temperature shall be 90°F% 5°,

CRASHWORTHINESS

Criteria

Each transparency shall be so designed for safety consistent with
the applicable requirements of 3.9 that representative 12 in. x
12 in. specimens with appropriate edging shall remain self-
contained after all structural members are fractured by a falling
ball of suitable energy sufficient to cause failure of all
structural members, but not in excess of 100 ft-1b.

No separation of structural members, penetration, or cracking
through the complete thickness is permitted. All particles
dislodged from the surface opposite the impact shall be less than
1/4 in. in length.

Three specimens will be tested for each transparency and similar-
ity utilized as applicable. Designs unsymmetrical through the
thickness shall be tested with impacts of each surface.

Test

Specimens 12 in. x 12 in. representative of the transparency con-
figuration with appropriate edging shall be fabricated. A total
of three shall be required for each transparency with a symmet-
rical design. A total of six shall be required for unsymmetrical
designs. The specimen to be impacted shall be supported hori-
zontally on a rigid wooden frame with a 1l-in. contact all around.
A spherical steel projectile 5 to 10 1b in weight shall be
dropped from a suitable height to cause fracture of all structural
members. A maximum energy of 100 ft-1b shall be used. The pro-
jectile shall strike the specimen at the center. No cracking
through the thickness or penetration shall occur, and all partic-
les dropped from the lower surface shall be less than 1/2 in. in
length.
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4.9
4.9.1

4.9.1.1

4.9.1.2

4.9.1.3

4.9.2

4.9.2.1

4.9.2.2

4.9.2.3

4.9.2.4

BALLISTICS

Criteria

Each transparency shall conform to the requirements of 3.10 as
applicable.

Tests shall be conducted on either full-size transparencies or
representative 12 in, X 12 in. specimens. Whenever possible,
particular transparencies shall be qualified on the basis of
similarity.

Each transparency shall be capable of sustaining a differential
pressure loading of one-half the design load (Pp) after exper-
iencing a ballistic strike by the required projectile.

Ballistic Test

Unless othevwise specified, flat specimens 12 in. x 12 in. or
larger representative of the transparency shall be used for
ballistic testing. At least four samples shall be required for
each transparency.

Each sample shall be mounted by a test frame similar to or more
rigid than the actual intended mounting structur:. Rear surface
and edge support and the method of fastening the transparency
will duplicate actual installation. A witness plate shall be
suspended 6 in. behind the samgle. 0Unless specified otherwise,
tests shall be conducted at 70" * 5 F with the projectile im-
pacting at 0° obliquity.

The specified projectile shall be fired from a suitable test
weapon and its speed varied by changing the weight of propellant
charge. Distance from the test weapon to the sample should be
no greater than 30 ft, Speed shal! be determined by two indepen-
dent timing systems placed approximately 10 ft from the gun and
approximately 10 ft from the target. The timing systems shall
measure the actual time to traverse a distance of 10 ft,

After mounting the sample, an initial impact will be made at a
velocity close to the expected ballistic limit for the sample.

An inspection of the test sample and witness plate will be made
to establish whether a complete or partial penetration occurred.
A second sample will then be shot at a speed higher or lower than
the first, depending on whether the first was a partial or a
complete penetration respectively. This procedure should be re-
peated each time using a new sample until three complete penetra-
tions and three partial penetrations within a speed range of 150
ft/sec have been achieved. The Vgg ballistic limit can then be
computed as the arithmetic mean of these six velocities.
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4.9.3

4.10
4.10.1

4.10.1.1

4.10.1.2

4,10.2

4,10.2.1

4.10,2.2

Ballistic Fail-Safe Test

A full-size transparency shall be impacted with the required pro-
jectile and Vg5q limit velocity after which the transparency shall
be fastened to the test fixture and subsequer*ly tested according
to the method as outlined by 4.5.2. The transparency shall be
subjected to one-half the design pressure (Pp) as applicable and
only one complete cycle,

ENVIRONMENTAL

Criteria

Satisfactory performance of each transparency shall be substan-
tiated by tests per MIL-STD-810B or MIL-E-5272C.

Unless otherwise specified, representative samples shall be used
and conformance achleved whenever possible by similarity and
analysis. The specimens for the following tests shall be repre-
sentative of the transparency cross section and measure 8 in, X

8 in. The specimen shall incorporate the complete edging design
of the transparency and include all fabricating and machining
operations. After each test as outlined by 4.10.2, the samples
shall show no degradation such as delamination, crazing, moisture
penetration, cracking, or any change in light transmission or
haze exceeding 27 from the original value.

Tests

Relative Humidity

After inspection and appropriate measurements, three specimens
shall be placed in a sealed chamber with the environment con-
trolled at 120°F and 957 to 100% relative humidity in accordance
with MIL-E-5272C, Procedure III. After 500 hours at this expo-
sure, the specimens will be removed and examined for any deterior-
ation.

Sand and Dust

After inspection and appropriate measurements, three specimens
shall be subjected tc the Sand and Dust test as required by MIL-
E-5272C, Procedure I. The sand used in the test shall be "140
mesh silica flour" as produced by the Fenton Foundry Supply
Company, Dayton, Ohio, or the Ottawa Silica Company, Ottawa,
Illinois.
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4.10.2.3 Salt Spray

Three specimens thall be subjected to the test as described by
Method 811.1 of Federal Test Method Standard 151A. A 20-percent
solution shall be used and the test shall be conducted for 200
hours. After testing, the specimens shall be rinsed with tap
water to remove the salt deposits and inspected for evidence of
deterioration,

4,10.2.4 Sunshine and Sulfur Dioxide

Three specimens shall be subjected to the conditions of the
Sunshine test as described by MIL~-STD-810B, Method 505, Proce~-
dure I with two exceptions. The atmosphere inside the test
chamber shall be maintained at 10Z sulfur difoxide by volume and
the test conducted for a total of 100 hours.

4.10.2.5 Fungus

Three specimens shall be subjected to the Fungus test as described
by MIL~-STD-810B, Method 508,

4,10.2.6 Snow and Ice Crystal Impingement

Three samples shall be subjected to PPG's Blast Abrader Test.z

After cleaning, samples shall demonstrate performance equivalent
to acrylic MIL-P-8184 with no adverse degradation and an increase
in haze not exceeding 22 from the original value.

4.11 CHEMICAL RESISTANCE

4.11.1 Criteria

Each transparency shall demonstrate acceptable resistance to the
chemical solutions as listed per 3.19 with no evidence of attack,
crazing, pitting, cracking, or loss of adhesion when tested in
accordance with Federal Test Method Standar” #6053. Analysis and
similarity shall be utilized as zvplicahle.

4.11.2 Test
The test 28 defined by Federal Test Method Standard #6053 shall

be conducted on samples representative of the transparency with
two exceptions. The chemicals as listed by 3.19 shall replace

2H. S. Tarnopol, SALT BLAST EROSION TEST FOR AIRCRAFT PLASTIC
WINDSHIELDS, PPG Industries, Inc., Pittsburgh, Pennsylvania, presented
at Conference of Transparent Aircraft Enclosures, 5-8 February, 1973.
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4.12
4.12,1

4.,12.1.1

4.12.1.2

4.12.1.3

4'12.1.4

4.12.2

4.12.2.1

4.12,.2.2

4.12.2.3

benzene, and both the tension stress area and a neutral stress
area shall be subjected to the chemical action,

BIRD STRIKE RESISTANCE

Criteria

Each transparency, as required by 3.11, shall be capable of sus-
taining an impacting 4-pound bird at a relative velocity of

200 mph or as otherwise specified without penetration and without
any release of spall with high kinetic energy.

Fenetration resistance shall be acceptable if there is no crack-
ing, separatiomn, or tearout which permits bird tissue to pass
through or around the transparency. This shall be determined by
visual inspection of the transparency, support fixture, and wit-
ness sheet.

Resistance to secondary particles (spall) shall be acceptable 1if
no particles are ejected from the transparency with sufficient
size or energy to become lodged in a .060 in., to .080 in. witness
sheet placed 12 in. behind and parallel to the transparency (or,
alternately, lodged in a dummy headform placed in the crew
member's head motion envelope). This shall be verified by visual
inspection and by touch when a hand is rubbed over the surface

of the witness sheet (or headform).

Tests on full-size transparencies shall be conducted at an
approved facility at ambient temperatures from 20°F to 120°F. A
ninimum of two tests shall be conducted per condition. Where
applicable, transparencies can be qualified by similarity.

Test

The full-size, complete transparency shall be mounted in a
gection of the airframe or equivalent fixture sufficient to
duplicate the response of the complete vehicle under bird impact.
The mounting angle shall be the installation angle of the trans-
parency in an aircraft in level {1light.

The impact point shall be selected to establish the most
meaningful evaluation of compliance. If no specific location
is indicated, the impact point shall be at the geometric center
of the impacted surface of the transparency.

The bird impact test shall be made with a complete w.ole 4-pound
chicken (1836 * 66 gm) restrained to form a reproducible
"package'". The bird shall be freshly killed or killed previously,
immediately frozen, and completely thawed prior to the test.
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4,12,.2.4

4.12.2.5

4.13

4.13.1

4.13.1.1

4.13.1.2

4.13.1.2.1

4.13.1.2.2

4.13.1.2.3

4.13.1.3

4.13.1.4

The test facility shall be capable of firing a 4-pound bird
accurately (* 3% of velocity, within a 1 in. circle on the
target) with no yaw or tumbling. Velocity shall be determined
by two independent timing systems which measure the actual time
required for the bird to traverse a predetermined distance.

A witness sheet of .060 in. to .080 in. corrugated fiberboard
shall be placed 12 in. behind and parallel to the test panel.
Where spall is of secondary importance, a dummy headform will
be placed in the crew member's head motion envelope in lieu of
a witness sheet. The witness sheet (or dummy) shall be used to
indicate the severity of rear face spall.

FLIGHT EVALUATION

Criteria

After each transparency has successfully demonstrated acceptable
performance relative to all previous qualification tests, a
flight evaluation shall be conducted. Three aircraft shall be
fitted with at least one-half of a complete ship set of trans-
parencies for flight evaluation.

The transparencies as installed shall be subjected to normal
operating environment and mission profile at three separate and
distinct locations as follows,

Moist, hot climate typical of southeastern United States or
equivalent. The rain-removal system shall be in operation
for at least 15% of the tctal operating time,

Dry, srid climate typical of far west United States or
equivalenc.

Extreme cold climate typical of Alaska or equivalent., The
anti-ice/defog system shall be in operation for at least 10%
of the total minimum operating time.

Normal mission profiles shall be utilized for each aircraft
attaining an accumulated operating life of 300 hours per
aircraft. If one aircraft is utilized at all three flight
locations, the total accumulated operating life to substantiate
qualification shall be 600 hours.

The aircraft shall be parked, when not in actual flight, in the
open and consequently exposed to all climatic conditions.
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4,13.2 Test

Each aircraft shall be flown per the normal mission profiles with
the heating system controller "ON", At least 1J%Z of the accum-
ulated flight time shall be conducted in the hovering mode as
applicable per mission profile. Total accrued time for each
aircraft subsystem shall be documented. At least ten rapid
descents shall be conducted for each test site with a maximum
rate of fall from 15,000 to 1,000 feet above sea level. After
completion of this flight evaluation, inspection shall be con-
ducted to substantiate acceptable transparency performance.
Where necessary, transparencies shall be returned to the
supplier for acceptance evaluation per 5.0.
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5.0

5.1

5.1.1
5.1.1.1
5.1.1.1.1
5.1.1.1.2
5.1.1.2

5.1.2

5.1.2.1

ACCEPTANCE TESTS

Acceptance tests and required inspection will be conducted on
production parte to substantia.e that each transparency con-
forms to the requirements of this specification. The following
acceptance tests shall be conducted for each production part
fabricated per this specification with all results documented.
These tests shall be on a continuing and complete basis unless
a sampling program is recommended for a specific requirement.
All such tests shall be conducted at the fabricator's facility.
Any failure to comply with the requirements of these acceptance
tests shall constitute a cause for rejection.

ANTI-ICE/DEFOG ELECTRICAL CBARACTERISTICS

All electrical circuits and characteristics as required per
3.1.6 shall be inspected and tested to insure acceptable
performance of the heating system. Each electrically heated
transparency shall be tested. Any failure to comply with
requirements shall be cause for rejection.

Bus to Bus Resistance

Criteria

The bus to bus resistance of each completed windshield shall
be within + 15% of the nominal as specified by applicable
drawings.

As applicable, the resistance of each phase i a three-phase
heating system shall be within t 10% of the average of all
three phases.

Test

The bus to bus resistange of gach phase of each transparency
shall be measured at 75 F £ 5 using a suitable resistive

bridge measuring device or equivalent.

Ingsulation Resistance

Criteria
Insulation resistance of each completed windshield assembly

shall be capable of withstanding 2,200 volts rms at 60 cps
without arcing or breakdown,
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5.1.2.2

5.1.2.2.1

5.1.3

5.1.3.1

5.1.3.2

5.1.3.2.1

5.1.3.2.2

5.1.4

5.1.4.1

5.1.4.2

Test

The dielectric strength of the completed windshield assembly
electrical connections shall be determined by applying 2,200
volts rms at 60 cps between the following points:

a. Power terminals to sensor terminals

b. Power terminals to exterior surface of electrically
heated outer ply

c. Power terminals to periphery of windshield

Temperature Sensing Element

Criteria

Each temperature sensing element shall conform to the specified
temperature/resistance characteristics and shall he capable of
withstanding 10 vac without any detrimental effect.

Test

The resistance of the temperature sensing element of each
completed windshield assembly shall be measured and recorded
with the ambient temperature at the time of the measurement.
The measured resistance shall be in accordance with the
specified temperature/resistance characteristics.

Ten volts ac shall then be applied to the sensing element for a
period of 15 seconds, cut off momentarily and reapplied until

3 on-off cycles are completed., After the temperature of the
sensing element has returned to ambient, a minimum of 5 minutes,
the resistance shall again be measured.

Bigh Gradient Hot Spots

Criteria

Each electrically heated transparency shall be free of high
gradient hot spots caused by heating film defects, scratches,
or nonuniformity.

Test

Each transparency shall be vertically positioned between cross
polaroid light system sufficient to include the entire vision
area or daylight opening. After noting all regions of local-
ized birefringence, the conductive film shall be energized with
150% design power to raise the transparency to operating tem-
perature. All areas of localized high birefringence or con-
centrated color changes shall be marked for inspection.
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S51.5

5.1.5.1

5.1.5.2

5.1.6

5.1.6.1

5.1.6.2

5.1.6.2.1

5.1.6.2.2

Heated Area
Criteria

Location of bus bars, isolation lines, temperature sensing
elements, and terminal blocks shall be inspected.

Test

All physical characteristics of the heated area shall be veri-
fied by inspecticn and measurements as applicable.

Heating Uniformity

Criteria

Each windshield assembly shall un%formly heat, attaining
design operating temperature * 10 F when operated with design
voltage.

Test

Each completed transparency shall be powered with nominal
operating voltage and allowed to cycle at design operating
temperature with the temperature sensing element connected to
a suitable electrical controller. Temperature of the outboard
surface shall be determined using thermocouples bonded to the
windshield surface or other calibrated and dependable temper-
ature contact sensitive devices. After determining the
relative correspondence between the outboard surface temper-
ature and K-values, an alternate test as outlined by 5.1.6.2.2
can be ugilized. The test shall be conducted in still air at
75F £ 5 F and measurements shall be made within 10 minutes
after starting the test.

The power constants of the conductive film shall be determined
before lamination according to the conventional power constant
procedure. The transparency outboard member shall be supported
horizontally with the conductive film exposed. The conductive
film shall be energized with design voltage and electrical
power input measured. After a thermal stabilization of at
least 1 minute, the temperature difference through the thick-
ness at the hot spot and control point shall be measured with
paired thermocouples or equivalent exactly opposite each other.
After calculating the average power density, the power
constants Ky, K and K; shall be calculated and conformance
ascertained with respect to the specified limits.
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5.2

5 2r il

5.2.2

5.3

5.3.1

5.3.1.1

5.3.1.1.1

5.3.1.1.2

5. 3118

5.3.1.2

THERMAL SHOCK

Criteria

Each transparency as required per 3.1 shall be capable of
functioning and satisfactorily withstand the thermal shock
associated with operation of the heating media at -65°F. If
the first 20 parts of a particular transparency design, inclu-
sive of either hand if symmetrical, achieve successful perfor-
mance without deterioration, a sampling procedure as defined
by 5.8 may be initiated.

Test
As outlined by 4.3.3 except only 1 cycle shall be required.

OPTICAL QUALITY

Distortion
Criteria

Each transparency comprising a portion of the cockpit enclosure
shall demonstrate acceptable optics with no abrupt bending or
objectionable blurring of the grid image viewed through the
primary vision area.

Each transparency shall have as a minimum the grid line slope
as defined by 3.3.1.2 when tested in accordance with the test
as outlined by 5.3.1.2.

The test as outlined by 5.3.1.2 is applicable on a continuing
basis for all Grade A and B areas of each transparency as
detailed by this specification. Conversely, transparencies
with Grade C optics only can be tested on a sampling basis as
outlined by 5.8.

Test

Optical distortion shall be evaluated by determining the max-
imum slope of a deviated grid line from a print made by photo-
graphing a grid board through the transparency. The trans-
parency shall be mounted in a fixture and oriented to simulate
the location of the part relative to the pilot's vision line
when installed in the aircraft. The distance from the grid to
the center of the panel shall be 10 feet. The camera shall be
located with the lens at the pilot's eye position relative to
the installed panel, A single exposure of the grid shall be
made through the panel. Zones as designated by the
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5.3.2
5.3.2.1

5.3'2.1.1

5.3.2.1.2

5'3.2.2

transparency location and vision requirements shall be outlined
on the surface of the part. The panel shall be identified with
at least the date, part number, and serial number of trans-
parency which shall appear on the photograph.

If the total area of the transparency cannot be covered with
one photograph, the panel shall be moved and additional photos
taken. The pilot's vision angle to the part as installed shall
be maintained for all areas photographed. Glossy prints

(8 in. x 10 in.) shall be made of the grid photographs.

The prints shall be examined for distorted grid lines and grid
slope measured in the most severely distorted areas. The slope
shall be determined by aligning a straightedge tangent to the
curve of the grid line in the most severely distorted area and
counting the number of undistorted grids crossed in one direc-
tion before crossing a single grid at a right angle to that
direction.

Optical Defects

Criteria

No major optical defects shall be present in the primary vision
area of each transparency. Such major defects shall include
cracks, chips, deep ncratches, crazing, and V edge chips.

Also, any minor optical defects so grouped as to cause distor-
tion or visual distraction shall be classified as major defects.

Minor optical defects within the vision area of each trans-
parency shall not exceed a total maximum average of three
defects per square foot. Such defects shall not be so grouped
as to cause objectionable distortion. Minor optical defects
shall include small, opaque inclusions, bubbles, seeds ,
blisters, and surface pits or dimples that do not exceed a
maximum length of .125 in., and surface scratches that do not
exceed a depth of .005 in. and a length of 3 in. All such
defects shall not affect the structural integrity, and actual
tests of representative samples shzll show a reduction that
does not exceed 107 of the basic material strength.

Test

Each transparency shall be examined for optical defects by
viewing against a dark background i1lluminated by blue-white
fluorescent lights, or equivalent, sufficient to distinguish
small defects. The transparency shall be positioned vertically
and located approximately 5 to 10 ft from the viewing back-
ground. The inspector shall vary his location from the trans-
parency as necessary to thoroughly inspect the part. A
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5.3.3
T T

5.3.3.1.1

5.3.3.1.2

5.3.3.2

5.3.4
5.3.4.1

5'3.4.1.1

5.3.4.1.2

5.3.4.2

distance of 1 to 3 ft is recommended. All defects detected
shall be marked on the transparency and documented. Where
necessary, an optical comparator shall be used to measure the
size of small defects near the allowable limit.

Light Transmission

Criteria

Original minimum light transmission for each transparency as
defined by 3.3.3 shall be 70%.

Light transmittance shall be measured on a continuing basis for
each Type I and II transparency, whereas a sampling program as
outlined by 5.8 may be utilized for each Type III and IV
transparency.

Test

The luminous transmittance of each transparency shall be deter-
mined in accordance with Method 3022 of LP 406. An illuminant
C light source or equivalent shall be used. Measurements shall
be made at five different locations at least 6 in. apart for
each transparency. One measurement shall be made at the geo-
metric center of each transparency and the others at the
approximate center of each edge some 4 in. to 8 in. inside the
edging material. All readings shall be documented.

Haze
Criteria

Original maximum haze for each transparency as defined by 3.3.4
shall not exceed 4Z.

Haze shall be measured on a continuing basis for each Type I
and II transparency, whereas a sampling program as outlined by
5.8 may be utilized for the remaining types as applicable.

Test

A Gardner pivotable sphere haze meter, or equivalent, shall be
used. Four measurements shall be made at locations at least

8 in. to 10 in. apart. Where possible, haze determinations
shall be made at areas where light transmission was measured.
All values shall be documented.
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5.4 STRUCTURAL INTEGRITY

5.4.1 Criteria
5.4.1.1 The structural integrity of each transparency shall be verified,

on a continuous or sampling basis as specifie, showing no
adverse effects or out-of-control condition csused by the fab-
rication process.

5.4,1.2 Conventional structural quality and adhesion tests in accordance
with the material specification or standard practice shall be
conducted on coupons completely representative and accompanying
the transparency throughout the process. The specific values
as determined for the fabricated transparency on the basis of
the coupons shall be within the specified limitations.

5.4.2 Test

The following nondestructive tests of full-size transparencies
and destructive tests of coupons shall be conducted as applic-
able.

5.4.2.1 Thermal Temper

The degree of strengthening glass or equivalent material by
thermal tempering shall be determined by measurement of the
residual tension in the central plane or surface compression
of the full sized structural members. Measurements shall be
made utilizing the conventional method per MIL-G-25667 or
equivalent.

5.4.2.2 Surface Toughness

The surface strength of acrylic, polycarbonate or equivalent
shall be determined by conducting the appropriate test per
MIL-P-25690 or MIL~P-83310 or equivalent as applicable on
2-in. x B8-in. sample coupons.

5.4.2.3 Adhesion

5.4.2.3.1 The bond of structural edging or protective layers shall be
substantiated by inspection and nondestructive test as
applicable.

5.4.2.3.2 The quality of adhesion of structural members, protective

layers and edging shall be substantiated by appropriate peel
tests as applicable,
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5.5 INTERCHANGEABILITY

Sronstl Criteria

Each transparency on a continuing bassis shall be checked with a
master gage, fixture, or equivalent to ascertain the dimen-
sional conformance. The tolerance limits per applicable groups
follow.

Type I, 11 Type III, IV, V, VI

a. Size + .125 in. + .125 in.
b. Surface contour & 175 dnw + .250 in.
c. Edge contour + .125 in. + .200 in.
d. Thickness + 10% + 10%
e. Bnlt hole size £ 5% ¥ 5%
f. Weight + 5% + 57

5.5.2 Test
5.5.2.1 Thickness

The thickness of the transparency edging shall be measured to
the nearest thousandth of an inch with a micrometer. Measure-
ments shall be taken along the hole centerline at 6-in. inter-
vals around the transparency periphery.

5.5.2.2 Weight

Each transparency shall be weighed on a calibrated balance.
The weight shall be recorded to the nearest one-tenth of a
pound.

5.5.2.3 Hole Size

All hole diameters shall be checked with the appropriate
go-no-go gages. Any holes beyond the limit shall be mezsured
and documented.

5.5.2.4 Edge Contour

The transparency shall be positioned on appropriate male
fixture or equivalent and held in place by tapered pins through
the middle hole of each edge. All regions of severe devia-
tions between the contacting surface of the fixture and edging
shall be noted and measured with a thickness gage. A total

gap of two times the tolerance figure is the maximum permitted.
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5.5.2.5

5.5.2.6

5.5.2.7

5.5.2.8

5.6.2

5.7

5.7.1

5.7.2

Surface Contour

With the transparency positioned and held in place as per
5.5.2.4, the contour across the surface shall be inapected for
any sharp or severe discontinuities.

Hole Alignment

With the transparency in position as per 5.5.2.5, apply clamps
with suitable contact bumpers as necessary to bring all edging
down to the surface of the fixture. Care should be used not
to overload the edging. The appropriate pin with a diameter
corresponding to the nominal bolt size shall be used to check
hole alignment. This pin shall freely pass through each com-
bined hole of the transparency and fixture.

Size
With the transparency in position as per 5.5.2.6, the size

shall be checked relative to the fixture scribe line. Any
oversize condition shall be reworked.

Inspection

The transparency shall be examined for delamination, chipping,
cracking, or any other deleterious effects.

VISUAL REFLECTION

Criteria

Each transparency, as required per 3.17.2 shall have a maximum
1ight reflection in the visible range not exceeding 1% per
surface.

Test

Light reflection measured by glossmeter or equivalent.

RADAR REFLECTIVITY

Criteria

Each transparency as required per 3.23 shall have a radar
reflective film of 15 ohms per square.

Test

The bus to bus resistance shall be measured in accordance with
5.1.1.2.
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5.8

SAMPLING PROGRAM

Tests as defined by 5.0 shall be conducted, where applicable
per the specific criteria, for one out of every five panels of
similar design. In the event, of failure or deterioration

of the panel sampled, 20 consecutive transparencies of a parti-
cular design shall be successfully tested before sampling can
be resumed.
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DISCUSSION OF DESIGN SPECIFICATIONS

The detailed and complete specification for rotary wing aircraft is asso-
ciatei with actual aircraft mission and transparency function. The actual
renuirements are optimized relative to ail objectives, The actual rationale
leading to the requirement with associated tests that should solve the
apparent problems are detailed in this section.

ANTI-1CE/DEFOG

The specification recommends that all Type I and some Type II forward-
facing windshields on all helicopter classes have an anti-ice/defog system,
thereby attaining all-weather capability. Of the various existing heli-~
copters surveyed during the preliminary study, only the CH-54, UH-1, OH-6,
and OH-58 aircraft did not have any means of anti-ice/defog capability
(Appendix I). Conversely, 73% of the answers were yes to the survey
question of the anti-ice requirement for windshields (Appendix III,
Interviews, Question 5). As a result of these findings and the obvious
advantage of maintaining clear vision, it is recommended that anti-ice o1
defog as a minimum be a primary design requirement of forward-facing wind-
shields, even though all-weather capability is not a mission requirement of
the total fleet. Thus, it would thereby require anti-icing of other
critical areas such as engine inlets, rotor blades, and control surfaces.

Of the various methods available for anti-icing (electrical, hot air,
chemicals), the specification addresses electrical methusds because this
technique is the most efficient, is now widely used in fixed-wing aircraft
and, is an integral part of the windshield design. Alternate methods such
as hot air and chemicals are implied by reference to MIL-T-5842A, but no
detailed specifications or discussion are presented since this would be
considered a system external to the windshield.

Failure of the windshield anti-ice/defog system with associated effects
such as delamination, bubbling, cracking, etc., as found to be a major
problem of existing windshields surveyed during the preliminary study.

The specification details electrical and heating film requirements essen-
tially consistent with existing industrial specifications for electrically
heated windshields. A worthwhile consideration to extend the life of the
transparency is the addition of an extra temperature sensing element (TSE).

Information collected during the preliminary study indicates that glass-
faced windshield designs have fewer heating film failures than the elec-
trically heated plastic windshields. The UH-2 windshields, which have a
conductive film applied to the outboard glass ply, did not report any
heating system failures as compared with the all-plastic windshields used
in the CH-47 and CH-53 (Appendix III, Tables 38, 40, and 53). It is
believed that this difference is primarily due to the relatively soft
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coatings and lower adhesion associated with plastic substrates. Although
this may be the case, either windshield design can effectively be manu-
factured per the same electrical specifications. For this reason, three
qualification tests to specifically verify the windshields heating film
syster have been incorporated into the actual specificaton.

The cyclic test as defined by 4.2 and the thermal shock test as defined by
4.3 are incorporated to verify basic materials and designs during operation
of the heating system under simulated environmental conditions. The
additional Life Cycle Test, as defined by 4.4, subjects the windshield
assembly to the combined effects of pressure loading, vibrational loading,
thermal loading, and environment. It is anticipated that this test will
subject the windshield to mechanical and thermal stresses and deflections
that would normally be encountered in actual use.

The acceptance tests as specified per 5.1 verify basic electrical charac-
teristics, thus insuring proper interface and compatibility of the wind-
shield assembly within the aircraft's electrical system. Additional tests
verify operation of the temperature sensing element and evaluate the
heating film for defects.

RAIN REMOVAL

Consistent with the anti-ice/defog capability specified for all forward
facing windshields, a suitable rain-removal system shall be provided. The
reasons are quite similar., Existing helicopters mainly rely on a wind-
shield-wiper system to provide clear vision through rainfall. As deter-
mined in the preliminary study, the wipers caused considerable damage to
the plastic-faced windshields. Nevertheless, windshield wipers are a
reliable, effective, and readily available rain-removal system.

Alternate methods of rain removal are hot air blast or chemical rain repel-
lent coatings. The hot air blast consists of directing a high velocity
stream of hot air over the external surface of the windshield via a duct
outlet positioned at the base of the windshield. This system is effectively
used on fighter fixed-wing aircraft which typically have small flat center
windshields when compared to the much larger and usually curved windshields
associated with helicopters. Other problems associated with the hot air
blast are temperature regulation and air volume availability necessary to
effectively cover the large windshield areas. The AH-1G uses hot air blast
and has encountered cases where the windshield was distorted or melted
because of excessive temperature of the air (Appendix III, Table 55).

Chemicals could either be applied while on the ground, or the aircraft

could be fitted with a supply tank and dispersion system to be applied
during flight. To date, no chemical rain repellents are effectively used as
a standard and proven system on any aircraft. The probable reasons for

this are the inherent shortcomings of this type of system such as the

effective 1ife of each application with a need to reapply the coatings, and
the cost and weight for a pilot-controlled flight dispersion system.
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The proposed specification has been optimized to a certain extent in that
section 3.5 specifies that the outboard surface of Type I windshields be
highly abrasion resistant to damage encountered during wiper operationm,
This requirement plus the use of proper maintenance procedures as specified
in Appendix IV (Preventive Maintenance Procedures, Windshield Wiper) will
allow the continued use of wiper systems without the associated detrimental
effects to the transparency.

OPTICAL QUALITY

The same general comments as stated in Appendix IIT (Failure Mode Descrip-
tion, Distortion) would provide the reasoning and rationale for the optical
requirements as specified in 3.3. Distortion problems revealed during the
preliminary study were consistently related to other failure modes such as
scratching, delamination, and overall deterioration of plastic transparen-
cies. The optical properties of existing windshield designs and other
transparencies are satisfactory and within accepted limits per type of air-
craft application. The proposed specification requirements, including
acceptance test methods and criteria, are in accordance with existing in-
dustrial specifications. The specification does not differentiate optical
requirements as to helicopter class, but it is recognized that as more
sophisticated weaponry and optical guidance systems become incorporated
into the Class II Attack helicopters, modification will be necessary.

STRUCTURAL INTEGRITY

The initial design objective of "fracture resistance" has been revised to
"structural integrity", because such a term is more meaningful and complete.

Although transparencies in helicopters are not designed as actual struc-
tural members, they are subjected to loads during operation and mainte-
nance, and to exposure to the natural and human environment. Breakage was
one of the main causes of replacement as determined by the preliminary
study. Although this failure mode prevailed for all transparencies
regardless of materials and design, glass laminated structures tended to
show a higher concentration per all failure types of a given helicopter.
All failure modes experienced for the UH-2 glass windshield were breakage
types, as shown by Appendix III, Table 53. Although Appendix III, Table 44
showed a high concentration of breakage for the UH-1 windshield which
required replacement, other reasons for failure were of similar magnitude.

Normally, forward-facing transparencies such as windshields are regquired to
sustain differential pressure loadings related to the 1ift system and speed
of the helicopter. Such limit or operating loads are of the order of 1 psi
on the windshield and are likely of lower magnitudes on the lower and upper
windows. No pressure loading of any significant magnitude is typically
experienced by the side windows within the cockpit or cabin. Nonetheless,
to substantiate the structural quality, appropriate test criteria of all
transparencies require a pressure test at twice the 1limit loads. An
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auxiliary requirement to specify some degree of load-carrying capability
that would simulate a man stepping on an upper window is now required.

Both of these tests as applicable are required to qualify a transparency
design. The addition o’ sensing devices 1s included to better understand
the transparency performance, and the hold periods of sustained loads can
produce failures that quick loadings would not. It does not seem unreason-
able that loads in service, especially the differential pressure type,
could occur for extended times.

The production tests as detailed by 5.4 substantiate the inherent quality
of the transparency. Nondestructive checks are required as possible, but
the majority of the tests will be performed on coupon(s) that accompany

the part through the fabrication process. Hence, the effect of the process
shall be determined and control maintained on the transparency.

ABRASION RESISTANCE

The relative abrasive resistance of plastics does not approach that of
glass-type materials, but monolithic plastic such as acrylic is less costly
and somewhat safer than monolithic glass. Also, plastic material is easier
to mold to exotic shapes and is lighter than glass. Hence, acrylics per
MIL-P-8184 have been widely used throughout the rotary-wing aircraft
industry. The preliminary survey indicated that abrasion or scratches were
the most common and widespread reason for replacement, This type of
failure consistently prevailed for plastic type panels, both acrylic and
polyester, with rain wipers.

Sixty one percent of the responding personnel rated scratches as the
primary problem for windshields. This problem was judged to be 6 times as
prominent as the second most prevalent modes: distortion and mistreatment.
However, per Appendix III (Interviews, Question 1) these two modes could
also be the result of scratches, since rework of the scratched area removes
some of the scratch and subsequently, distorts vision. Also, according

to Appendix III (Summary of Questionnaire 6) scratches are "lived with" in
the field and scratches are also a major problem on other windows. Con-
versely, glass-faced windshields exhibited a minor amount of scratch
problems. For comparison, refer to Appendix III, Tables 39, 42, and 44,
for plastic windshields and Tables 43 and 53 for glass laminated structures.

The specification proposed bv this study addresses some degree of abrasion
resistance for all transparencies, but the criteria io not eliminate the
use of acrylic. Since scratches on the majority of windows not considered
primary for vision are functional, it appears reasonable for the specifi-
cation to continue the use of acrylic material. However, for the main
windshields, this specification requires the use of glass or equivalent
material for all outboard surfaces with wipers. This stipulation will
result in an aircraft with complete conformance to all-weather capability
as well as extend the 1life of the windshields.

51



The abrasion resistance of materials must be substantiated by actual
qualification tests using the Taber abrader. Although this test has
shortcomings, it can suffice to evaluate new materials. This technique
thus infers that harder materials will have better abrasion resistance.

No wiper test is now accepted as the industry standard, since such tests
are difficult to define and repeatability is of major concern. Some recent
tests have proposed wiper operation dry. This test would be difficult to
conduct because of skipping, applied load problems, and repeatability.
Earlier tests as conducted for the CH-47 and CH-46 were repeatable but not
realistic. Although the plastic-faced material sustained 900,000 cycles
of a wiper with continuous water, service showed many scratches from wiper
operation. Ccnsequently, a wiper operating on a wetted surface with some
abrasive particles would represent a possible test. Such a test is speci-
fied by 4.6.1.3. This test as proposed by U.S. Army Mechanics Materials
Research Center, Watertown, Massachusetts, meets these conditions, but
actual experience and any correspondence tc actual service remain to be
established.

RELIABILITY

Reliability is usually interpreted as the satisfactory performance of a
transparency according to design without failure or malfunction. Therefore,
a properly designed transparency per ideal and accurate specifications
would achieve the required reliability.

As discussed in Appendix III, Replacements, many different methods have
been devised to measure the degree of reliability - MTBRR, MIBF, MIR.
However, all methods tend to be dependent on documentation which costs
money and requires human efforts. The first two methods (MTBRR and MIBF)
require extra bookkeeping, since the hours of the fleet of a certain size
must be recorded. This would not be a difficult task if aircraft were
stable relative to a particular base. Because of all such inherent
problems with these methods, the proposed specification addresses reli-
ability on the basis of shelf, useful, and operating life as defined by
3.6.1. An actual warranty is specified relative to particular trans-
parencles. Actual service will demonstrate the achievement of reliability.

THERMAL SHOCK RESISTANCE

Industrial specifications of windshields with electrical heating films
have specified thermal shock tests to verify the functional quality of the
heating system. These tests have shown some variation hetween voltage
applied, soak temperature, ambient test temperature, and actual cycles.
Probably the most damaging aspect of these variations was the use of over-
power. Although this type of test could be used for qualification, over-
power of heating film is not a good practice for acceptance of production
tests, Therefore, the thermal shock test as defined per 4.3.3 shall be
ed with nominal voltage in both qualification and acceptance tests.
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This test will be utilized to evaluate the coating as well as adhesion and
structural quality, This test will isolate transparencies with poor
adhesion to the conductive film,

An additional, general test for all transparencies to verify qualification
status is proposed. This test will demonstrate acceptable exposure to
temperatures of -65°F and +160°F. The cyclic temperature variations of
qualification will show any fundamental weaknesses, such as minute vents,
etc.

FAIL-SAFE CONSTRUCTION

Fail-safe operation implies that a secondary load path be incorporated

into the transparency construction in the event that the primary structural
member becomes inoperative. A wegree of fail safety is now inherent to
acrylic, but not by design. Some levels of load can be sustained by
acrylic that has cracks. However, this type of fail-safe construction has
no safety aspects, since the actual load necessary to cause the crack to
run is unknown. Since fail safety is not a requirement across all trans-
parencies, the proposed specification addresses fail-safe construction

for windshields only.

An additional desirable feature for each pilot would be residual vision
after a primary structural member fails. One method of doing this for
particular energy levels is by a controlled temper in glass.

Actual tests for this requirement are completed by qualification of a
full-size part.

CRASHWORTHINESS

Aspects of safety as applicable have been considered at times, but general
considerations are lacking. The primary concern is that the fractured
transparent material shall not become a lethal weapon and be injurious to
the crew. The fundamental requirement of this specification is that all
fractured particles remain in the envelope of the transparency. A quali-
fication test using a falling ball as defined by 4.8 will impose lamination
of some sort for all brittle materials. Although the specification
requires crashworthiness for all transparencies, it is a major consider-
ation for the windshield.

BALLISTICS

Since all helicopters are considered as part of the Armed Forces arsenal
and are thereby subject to combat enviromment and operation, a gereral
ballistic requirement is addressed by this specification. This requirement
in most cases was part of the existing industrial specifications, It is
primariiy aimed at preventing the use of brittle materials that would
shatter or release large fragments when impacted.
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In addition to this general requirement of minimum or no spall being
released that would be injurious to the crew, a special requirement
(3.10.2) for transparent armor is included. The primary objective of the
special requirement is to defeat the projectile and thereby provide
ballistic protection to the crew. The specification presented is not
complete due to the classified nature of ballistic information and

also to the multitude of ballistic parameters, such as projectile, range,
and obliquity. The armor protection is considered to be a special require-
ment only, and the applicability table is intended to show logical areas of
intended use. The specificaticn is not optimized with respect to trans-
parent armor requirements, and the suggested weights as given in 3,13.,2
that relate to transparent armor are general guides and do not relate to
any particular ballistic threat. Qualification testing as outlined in 4.0
is required, and standard approved testing methods would apply.

BIRD STRIKE RESISTANCE

Bird strike resistance, although not considered as a major problem to
existing rotary-wing aircraft, is a potential threat to future generation
helicopters, especially as airspeed is increased and operational noise
levels are decreased. The requirement as stated in 3.11 would provide
bird strike protection on all forward-facing windshields. For the present
it is recommended that this performance requirement be a secondary design
objective. Past experience has shown that the number of bird strikes on
helicopter transparency areas is not of the same magnitude as on fixed-wing
aircraft.

Even though bird resistance is a secondary requirement, it is recognized
thac a certain degree of bird resistance can be achieved. The qualification
tests as specified in 4.12 would verify the level of impact resistance for
particular designs.

VIBRATION RESISTANCE

Many different approaches have been utilized in the past to evaluate the
vibration resistance of transparencies. Tests which included tie-down
vibration or flight evaluation have been used. Actual vibration tests have
been required by fixed-wing specifications and some of the latest helicopter
specifications, However, the major problem has been to show the validity
of such laboratory tests.

The proposed specification defines a vibration test within the structure
of the life cycle test for windshields with electrical films. In this
test the transparency will be subjected to various cycles of heating,
pressure, and vibration. Finally, a flight test is required.

WEIGHT

Designs consistently strive for lighter constructions to increase the

payload. However, modifications at later dates can cause extensive
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adjustments in actual aircraft structure. Hence, it is certainly sensible
to properly and realistically define the requirements at the beginning of
the program.

The proposed specification requires that the weight shall be a minimum
consistent with this specification. Hence, the realistic maximum limits

on the basis of aerial density per transparency are specified. Appropriate
adjustments are defined for special designs with bird proof and ballistic
capabilities.

INTERCHANGEABILITY/INSTALLATION AND REMOVAL

As shewn by the preliminary study installation and removal of transparencies
was an area of major concern to helicopter users, especially the maintenance
groups. It was revealed in many cases that maintenance actions were depen-
dent on the complexity and type of installation method. The proposed
specificarion requires that all transparencies be designed for inter-
changeability. It is believed that the transparency manufacturer can per-
form the required machining operations such as drilling and trimming to
overall size much more efficiently and with better quality than field
service maintenance personnel., Also, some of these operations such as
drilling and machining are critical to certain plastic materials and require
a certain amount of skill and specialized equipment. The specification also
attempts to standardize the type of weather seal utilized for transparency
glazing. Incorporation of the interchangeability requirements as specified
in 3.14 into the basic design of helicopter transparencies will allow for
more standardized maintenance procedures and reduce removal and installa-
tion time. The appropriate production tests are detailed for actual part
acceptance.

MAINTENANCE

The preliminary study (Appendix IV) indicated that maintenance of a pre-
ventive nature was not well documented in required manuals, although the
repair type maintenance was well covered. Hence, this specification
proposes that these type documents (especially of the preventive category)
be available before the part can be placed in service. In additiom, it
is specified that these special procedures be kept at a minimum.

VISUAL REFLECTIONS

Visual reflections can be divided into three separate areas of interest as
related to transparency design objectives., The first is visual reflections
from the interior surface of the windshield of an object within the cockpit.
This type of reflection is more distracting at night. An example would

be the reflection of instrument lights from the interior surface of the
transparency. The second type of veflection that can be distracting to
pilots, especially during night flight, is multiple images, which are
reflected images from each surface, both external and internal within



laminated transparencies. This phenomenon tends to magnify any reflections
irom sources inside the cockpit and alsc reduces the resolution of external
surface such as runway lights. The third effect is reflected light from
the external surface that signals the enemy. All three types of reflections
are associated with the index of refraction difference between the trans-
parency and air. Both the internal reflections and multiple image effect
were determined during the preliminary study to be secondary problems
associated with existing helicopters. Accordingly, visual reflections are
specified as a secondary design objective in the proposed specification.
The external detection type of reflection can be co-:idered as a possible
requirement for future helicopters, especially with the increased attention
given to survivability techniques and requirements. No requirement is
stated in this specification for external reflectance values.

It is worthy to mention that existing materials and state of the art

would prohibit achieving the requirements of 3.17 and that further investi-
gation of this problem is required. Discarding such methods as etching,
which creates a diffuse surface and detracts from the optical qualities of
the transparency, the sole available method is low-reflection coatings.
(The term "antireflection'" is coneidered to be a misnomer in that coatings
are able to reduce the percent of light reflected only for specified
vavelengths and angles of incidence.) Existing low reflection ccatings are
relatively soft, especially when applied to plastic substrates because of
the low application temperature. Therefore, such coatings would conflict
with the general abrasion resistance requirements of 3.5.1.

ENVIRONMENTAL

Transparencies on helicopters are exposed to many different operational and
nonoperational conditions associated with worldwide extremes of climate,
weather, and fungus. The proposed specification addresses these possible
exposures with a definition of required laboratory tests. These tests
conducted for qualification are the fundamental laboratory conditions that
should be used as the initial evaluation basis of a new design. The
majority of the laboratory tests as defined by 3.18.2 are standard types,
used repeatedly throughout the aircraft industry.

The actual tests as described by 4.10.2 are patterned after the military
gstandards. A combination of sunshine and sulfur dioxide exposure presents
a new type test that will yield an evaluation of interlayer adhesion.

The other new test devised by PPG Industries evaluates the effect of ice
crystals, This test simulates ice crvstal marring of polvcarbonate and
verifies the validity of hard coat for protection of polvcarbonate. No
test is proposed to simulate exposure to heavv rain on a sample, but some
exposure of the final assembly is required in the fli:i“t test as defined
by 13.0. It is rationalized that a rain exposure of samples would not
produce effects bteyond those caused bv a 1007 relative humidity test.
Also, erosion tyre effects with water would require high velocities, and
the equipment wonld be costly on the sample basis.
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CHEMICAL RESISTANCE

The proposed specification establishes the chemical resistance of trans-
parencies plazed in helicopters. The actual chemical solutions as defined
by 3.19 are consistent with standard requirements. However, this specif{i-
cation only specifies a load under test as necessary and not both load.ad
and unloaded effects.

LIGHTNING STRIKE RESISTANCE

Lightning strike resistance has been specified because of the increased
number of helicopter flights under instrument conditions. Helicopters are
unique and quite susceptible to structural damage because of light-weight
construction with increased use of nommetallic structure. Also, primary
flight profile of these aircraft is within the altitude of 2,000 to 12,000
ft where 807 of the strikes are reported. Although primary design consid-
erations against lightning strikes are concerned with fuel systems ard
rotor blades, there is also the potential hazard of lightning puncturing
the windshield and strik.ng the pilot. Even though the probability of
lightning striking the piliot Is remote, this specification proposes the use
of a metallic member around the transparency to prevent the lightning
streamer from attaching to and subrequently puncturing the windshield.

No qualification test is specified for this requirement because of the
effect of the surrounding structure and components, and it is, therefore,
ot considered to be a function of windshield design.

FIRE RESISTANCE

The proposed specification is consistent with standard requirements for
fire resistance. Since no problems were detected during the preliminary
study for this requirement, no modifications for this objective were
necessary.

STATIC DISCHARGES

Static charges can be built up on the exterior surfaces of transparencies.
These charges either discharge through the outer plv of heated windshields
to the heating film or shock ground personnel after the aircraft has been
parked for some period of time. The preliminary study has not shown this
to be a problem, but it is a well-documented and investigated area for
fixed-wing aircraft transparencies. The static charge is built up by
flying through particular atmospheric conditions producing a bound charge
on the transparency surface. Effects on electrically heated plastic
transparencies are particularly troublesome because of the high surtace
resistivity of plastic materials, i.e., 1016 ohms/square for stretdhed
acrylic. The high surface resistivity values allow potentials as high

as 300,000 volts to be built up on the windshield with subsequent dis-
charge to the metallic heating element that punctures the structure,
Glass has a surface resistivity of approximately 1012 ohms/square, but it
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has been determined that a surface resistivity value of 108 ohms /square
would allow static charge to drain from the windshield surface and not

build up to dangerous limits. As shown above, the surface resistivities

of existing materials are not within the limits as specified, but tae

design requirement can be met with the use of electrically conductive films.
The major limitation is that no existing antistatic coatings are durable
when applied to plastic substrates because of the low application tempera-
ture resultiag in soft film., Conversely, antistatic films are used
successfully when applied to glass substrate in various fixed-wing aircraft.

Again, the specification has not been optimized in that the addition of
extra conductive films such as heating films, radar reflective films, and
antistatic films would reduce the light transmission requirement of 3.3.3.

RADAR REFLECTIVITY

Radar reflectivity requirements for attack helicopter windshields are
specified in 3.23 because the cockpit areas of aircraft are a major source
of radar signal returns. Depending on mission requirements of future
helicopters, radar reflectivity can be achieved by the addition of an
electrically conductive low resistivity film. This film scatters the radar
signals in such a manner that detection of a helicopter by radar would be
minimized. Such a requirement exists for some high performance fighter
aircraft. However, the proposed specification considers radar reflection
as a secondary design objective because of the ability of rotary-wing air-
craft to maneuver at relatively low altitude, thereby penetrating enemy
defenses below the radar net.

HEAT TRANSFER

The preliminary study (Appendix III) indicated that some environmental
problems were associated with solar heating of the cockpit interiors. The
small confines of the smaller observation and attack helicopters were
readily heated by the sun. There were actual cases where doors were removed
from the cockpit of the OH-6 tc eliminate the '"greenhouse" effect and gain
some degree of cooling during flight. Therefore, the proposed specification
addresses the need for heat absorbing transparent materials for the wind-
shield and upper windows of the observation class of helicopters. The
close quarters of the attack version tend to indicate the need for air
conditioning, which certainly dictates heat absorbing transparencies.

Although requirements are detailed for this objective, no tests are
proposed since the conformance can be accomplished by engineering analysis.

LIFE CYCLE COST

Although life cycle cost was listed for consideration in the statement of
the work, it is not addressed in the proposed specification., The specifi-
cation does define the operating life, but to attempt to tie cost in with
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the expected life or MTBRR figures is not possible., First, the MTBRR and
other such data are not meaningful because of the failires to replace
inferior parts and because of poor documentation. For these reasons, at
best MTBRR as applied to the helicopter situation is a sublective rating.
On the other hand, the cost of transparencies is difficult to assess
since maintenance actions that extend the life of the pa.t should be
included. This would be a study in its own right. Finally, inclusion of
a cost within a specification is not realistic because it would have to
be considered rather low on the priority scale. Certainly, the actual
performance requirements would be more important than the cost of the
part, especially since the bids are competitive.

GENERAL

To enhance use of this specification, different degrees of importance are
assessed to the design requirements shown in Table 3, These ratings are

utilized to evaluate conditions that require exceptions or modificationms

when using the specification. Since the total specification is optimized
for the majority of the objectives, actual adjustments and exceptions as

neceseary will be kept at a minimum.

Evaluation and repeated control of the actual products prepared per this
specification are accomplished by detailed qualification and acceptance
tests, respectively. Three actual tests and an analysis are specified to
qualify transparencies with heating systems. The life cycle test, which
combines thermal, pressure, installation and vibration loadings, is
proposed as a severe exposure that will defeat inferior product designs.
Subsequent flight tests will be the final approval with qualification

of appropriate transparencies,

Other tests to substantiate structural quality, fail-safe constructionm,
crashworthiness, and the standard resistances to the elements are included.
The actual structural tests to substantiate the integrity of transpar-
encies are addressed to pressure and concentrated loading. An addition of
coupons to substantiate the structural quality of production parts will
control the final product.

Although tests for abrasion resistance have not been established, this
specification defines a requirement that will achieve resistance to
surface abrasion. Continuing efforts should be conducted to utilize the
recently proposed wiper test, thus substantiating its validity.

To attach some degree of monetary value to the requirements in this
specification, a hypothetical analysis is proposed as shown by Table 4.
This analysis starts with a simple flat, monolithic transparency. Using
this design as a base, subsequent additions of design requirements are
shown with the estimated increase in cost. The figures in parentheses
represent the actual cost factor for that requirement.
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TABLE 4. HYPOTHETICAL COST FACTORS PER DESIGN REQUIREMENTS

Design Requirements Total Cost Factor
|
Flat Monolithic 1
Curved (1.5) 1.5X
Laminated (1.5) 2.3X
Bird
Proof (1.5) 3.5X
Heated {1.5) 5.2X
Static (1.1)
Discharge 5.7X
Ballistic 12X
1(2.0)
Visual (2.0) y
Reflection Y ‘ v + 24X

The information in Table 4 1s hypothetiral in nature and should only be
considered as a guide to demonstrate the relative impact of more sophis-
ticated designs. As an example, this table suggests that a curved trans-
parency with bird proof, heating system and static discharge would cost
5.7 times a monolithic flat panel. Addition of ballistics raises the
total cost to 12 times that of a monolithic flat panel.

POTENTIAL CANDIDATE DESIGNS

Based on the problems uncovered during the preliminary study and the
design criteria presented to overcome these difficulties, consideration
was given to the transparency configurations that would best meet the
conditions of the specification. In some cases, it was impossible to
optimize the total list of design objectives due to the limitations of
available materials. As an example, a low reflection coating does not
exist that will withstand the abrasion of a windshield wiper. Also,
ballistics protection is inconsistent with weight and optics consideration.
Those sections of the specification which the configuration fails to meet
either as a result of material unavailability or conflict are listed under
Exceptions in Table 5. For the purpose of this discussion, ballistics are
only included for the attack helicopter.
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In general, composite windshields are recommended for all Type I and II
transparencies, The primary reason for this is to combine the durability
of glass and the light weight and impact properties of polycarbonate. The
advantage of the plastic on the inboard side of the windshield also
reduces the hazard of spall in the event of a bird strike or other impact
damaging the panel.

In defining the configuration for Type I and Type II windshields, it is
recognized that further optimization may be likely. For instance, the
importance of weight may dictate the use of glass thinner than the listed
.09 in. It is known that a glass thickness of .05 in. has presented
problems from impact on commercial type airplanes, so some thickness above
this represents the minimum thickness. Conversely, panels utilizing
.100-1in. outboard glass have shown no problems from impact damage.

For Type III and IV transparencies, it is believed that the performance
of monolithic plastic sections is suitable. Scratches are not critical
here, and no major problems have been encountered in the past.

Table 5 18 a summary of the potential configurations capable of best
meeting the developed specification.
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CONCLUSIONS

Windshields, unlike other transparent structures, have a distinct
important function to provide safe, maximum, and undistorted visi-
bility for the pilot in all typer of weather and with minimum mal-
functions. The most prevalent d terrent affecting windshield
function is scratches caused by abrasion from foreign objects,
cleaning and primarily wipers This occurs even though the pilots
and maintenance people are sensitive to this and take precautionary
and preventive steps to minimize the action. In fact, no wiper use
is permitted on helicopters incorporating plastic windshields, even
for extrcwe weather conditions because wiper operation leads to
windshield replacement. Such practices have a deleterious effect on
the performance of the aircraft.

More sophisticated wirdshield designs with increased functions
correspondingly have mora> problems because of increased failure modes.
Failure of laminated windshields with anti-ice/defog svstems is a
problem experienced with Army all-weather helicopters. As in the

case of scratches, use of this system is sometimes restricted.
However, neither this problem or restriction exists for the Navy UR-2.

Secondary problems experienced with helicopter windshields are
reflections and removal/installation difficulties. While these are
not failure modes, they do represent serious situations that require
solutions. At least one crash caused by windshield reflections has
been reported along with drastic actions such as removing objection-
able helicopter hardware. Conditions associated with hardened
sealants make the replacement of some windshields more burdensome
than necessary.

Nonwindshield (windows) in helicopters are allowed to reamin
installed and deteriorzte as long as possible with encountered
reduced quality tolerated up to the point of total failure. The
major portion of windows are replaced because of breaking and
cracking caused by: aerodynamic pressure, impact with screwdrivers,
accidental stepping through greenhoues windows, combat, etc.
Although some windows are replaced because of scratches, this
condition is tolerated to a greater degree than for windshields.

Data on life obtained from the non-operating agencies did not at all
times verify the information gathered from the field. For instance,
a glass windshileld had a shorter Mean Time Between Repair and Replace
(MTBRR) than a plastic windshield did for the failure mode of
scratches. This was inconsistent with the field and attributed to
the plastic "lived with" conditions and improper use of glass parts
or reporting errors.
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The erfect of the operational environment on reliability and main-
tainability could not be documented with fact, but the main problems
identified with the windshields are scratches and anti-icing failure.
However, personnel who had maintained or piloted helicopters in
different environments cited differences in service performances such
as dust and rain experienced in Southeast Asia, causing a greater
occurrence of scratches, and that the east coast was associated with
more de-icing problems compared with the west coast.

Specifications reviewed showed that the major problem of windshield
abrasion was covered for only the CH-46 and CH-47 helicopters.
However, actual qualification tests of the plastic windshields were
not realistic causing a severe problem in the field due to scratching.
Conversely, anti-icing was addressed in almost all requirements, but
the problem nevertheless occurs in service. A possible explanation

is that the tests do not simulate service conditions, or some factors
such as water droplet size or vibration are overlooked.

There is a considerable lack of military specifications for the end
product windshields and other parts; especially bent parts with
increased function although such parts are addressed by industrial
specificatons. Although some military requirements apply to finished
end product, actual qualification tests of finished parts are
incomplete.

In general, Army preventive maintenance procedures do not adequately
detail handling, cleaning and other preventive measures. Conversely,
the NAVAIR manual used for the UH-2 shows attention to 'preventive"
and "repair" type techniques. Repailr procedures in the Army manuals
are complete and well documented, but subject indexing for wind-
shield parts is lacking.

The apparent exceptional performance c¢f the windshield used on the
UH-2 all-weather helicopter compared with similar designs of other
Navy and Army helicopters is attributed to the balanced glass-glass
design and complete preventive maintenance procedures.

A complete and comprehensive specification that includes address to
all transparent structures on rotary-wing aircraft has been
developed. This specification proposes detailed requirements and
necessary qualification and acceptance tests to establish the
reliability of the design and maintain control of the qualified
transparency, respectively. Additional requirements, normally not
found in helicopter specification, such as abrasion resistance,
reliability, fail safety, crashworthiness, bird proofing, inter-
changeability, visual reflections and static discharge are detailed
and optimized in this specification relative to the priority assessed
each objective. Complete coverage of all transparencies is
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accomplished by appropriate classification of the aircraft mission
and transparency functions in conjunction with an intended applic-
ability per each design requirement. Any modifications considered
necessary because of material or process limitations are affected by
appropriate adjustments relative to the importance of each require-
ment.

Because of the various performance conditions possible for ballistic
proofing, a special armor and general minimum spall requirement is
proposed. Since the requirements are optimized for the general
ballistic category only, any use of the special requirement for
transparent armor will require, as a minimum, modification of
distortion, light transfer and weight.

Since no single abrasion test now exists with repeatability, the
developed specification utilizes a combination of tests to ascertain
the conformance of transparency materials relative to the require-
ments. In general, the Taber test defines basic criteria for
abrasion, whereas addition of the PPG Abrader Test estimates the
performance of the material exposed to ice crystal impingement. As
an ultimate requirement, a wiper test, as proposed by AMMRC attempts
to simulate actual service. Although this test requires standard-
ization and has yet to be accepted as a standard, it appears to
achieve the basic requirements necessary for evaluation of windshield
abrasion.

Because of the problems experienced in internal heating systems the
anti-ice/defog requirement, as specified, will be evaluated by
extensive qualification testing. Tests such as life cycle, thermal
shock and cyclic evaluate the basic design with repeated use of
heating system at low temperatures. The life cycle test imposes
additional loadings of vibration and pressure which achieves the
ultimate in effective and worthwhile testing.

Although requirements are proposed for visual reflection, radar
reflectivity and heat transfer affecting interior environment, such
items are not optimized relative to the rest of the specification
pecause of unavailability of materials. To the present, tlie only
solution of the reflection problems has been effected by costly
transparent films that are extremely soft.

In conjunction with the design requirements, the thermal and rather
comprehensive structural tests establish the quality of the trans-
parency that will promote reliability. Utilization of production
coupons that accompany the processed part will maintain the quality
on a continuing basis.
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Improvements in maintainability will be achieved by the appropriate
designs per the specification, especilally for windshield structures.
The concurrent issuance of appropriate maintenance documents will
also produce a more effective operation.

Tests of two current windshield designs sh .wed that monolithic
stretched acrylic and two-ply glass laminates cannot sustain a &4-
pound bird impact beyond 100 mph. Utilization of polycarbonate,
monolithic or laminated with glass, better than doubles the bird
resistant capability of current windshield designs.
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GLOSSARY OF COMMON TERMS USED IN ATIRCRAFT TRANSPARENCY
MANUFACTURING INDUSTRY

Arcing: Indicated by discoloration or charring of conductive film,
bubbling and charring of plastic interlayer, and charring of bus bar
in spots or streaks.

a. Solder Joint Arcing - Characterized as indicated above. Occurs
in the general area where the electrical lead wire comes in
contact with bus bar.

b. Bus Bar Arcing - Characterized as indicated above. Due mainly
to deterioration of the interface area between the film and the
bus bar.

c. Film Arcing - Characterized as indicated above. Caused when
film continuity is broken as the result of a chip or break in the
glass substrate and results in an arc jumping the area of break-
down.

Bubbling: Gaseous inclusions appearing in the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>